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[l-f(— 1)? +1 ] sin j sin sin : 


oc QO :JO 


je,n 


+ a ,rSx n~Xq=X Btf^K' 2 +-« 2 ir 2 ) [ 1 +(- 1 )* +1 « iK l] [l+(-l)? +1 ] 

( I — e~ K i B it) sin {-~-j sin [— • j sin 

+^ m £ 1 ^ £ tnqBx H+M)"* 1 ] C 1 -^) sin (~) sin (”£") sin ( ~) 


(?) 


A [!+(-!)-] (l-r*», 


/m-X\ . /Mr)\ . I qirz\ 

sw( — ; Sip (-J-J sin (— ) 


J V * J 


+ 


5K l i JU<‘— sin (?) - (?) * (?) 

-K* - (?) '-(?) “ (?) '+(?) ^ 


^Cl ® ‘(L 00 

+~J £ £ £ 

77 7?Z“4 7Z=*1 


«^(a a Z^J+mVv 2 ) 


[l+(-l)» +1 ] [I +(_!)?+!] sin sin ('^j sin (44) 

(iv) qrfe p *th # f% *rrh: =pt ott pr ft sffa ^ftcrr 

qrr| ijisflT sfta ^ eft (3*18) p srm r«h [23 % tr if swifter ff ^rrerr | i 

fcTsrm-am 

gtePEgq- irq-o SfRo ^sfrfwuO' qq^W, % ^T° %o tfto pT % | f 5 ffft% 

W srrq # turret t TTFR5R f%mr sffa tffRRT qfNnf i 

fat* 

l. g?r?=r, sfro tto, Trqr^r, tt^-o %o ?rt 3m:° si^to 3jJto f*€to 

%fao fqftfao, 1940, 36, 183-209. 


2. FRPT, 3TTf° po, Fourier Transform, %wf|?T^TT^, 1951, 80„81,530, 189. 
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^'cTTff cT«n qfwf qr 

nftra ttmrafar sra^R 

[ STT^T— ^pnt 24, 1978 ] 

HTTm 

%% to qn- sfstr w w % qfwrf <pc-fg? trim fog *pw 3tk wit 
•'% trwmr sro mffnj qwnfrtT# #^rra’9wr?t wt% srvjt w^rf qrr *tft stra - 

'»> <.i i ^ i 

Abstract 

Some theorems on Laplace and Varma transforms. By K. S. Sevaria, Depart- 
■ ment of Mathematics, Government College, Ajmer. 

The object of this paper is to prove some theorems on Laplace and Varma 
•transforms and by making use of these theorems we have evaluated infinite integrals 
.involving generalised hypergeometric function and Legendre function. 

1. SrenraHT 

wi f(t) % ^rnr o*rr tlwf 

<p{P)~ p e~P l f(t) dt (1) 

-W 

>KP)=P f“ e-'W ( pt Wk.Jp) A * ) dt ( 2 ) 

Jo 

V 

gnr qfwfatr fw 1 3ftr ?r%tr % *r 3t*r?T: ^(p)=/(0 gaffer 

-fontt srtcrr 1 1 


AP 2 
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%o T^fo qqifcqT 


2- i 

m=A o 

qsrr */'(/’) 7==- t p _m_1/2 e~ at f<t) 

Ky YYl 

<ft 4(p)=pm+U* JJ (t + a)- 1 t-P Gil * +m ) 4>(t + a) dt (3) 

srfqqm ft cm i ft x | «pt qfrqq tt=t | t p ~ m ~ 1,2 e~ a < J(t) | qq? 

qfcftf fq^rqiq ft sfk P> o, R( a )> o. 


<Kp)H(t), 

e-* 1 fiO^Pipt+o.)- 1 <b(p + a) 
fqffc R(p)>0, R(a)>0. 

[6, p. 400(11)] 4^ %% m qrqfq [1. p. 221(68)] W grsrgtfi sR?t cr; 




t~P IG. 
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(L fi- 
xe/ 


02 ( t /& ~m, i + m ' 

k, P 

1 ~~k 


k , p J 

= P p g^Up 

=p p e -V2cP W k, m (Cp) 


R(p)>o, c>o. 


41^4 M qSRr q (4) qqt (5) ?T qqqtq 4^% qT fqqq f% qfq, 


<Kp>Mt) ™ Kp)=s(t) 


* [ W) sit) t - 1 <*= f “ 0(r) /(/) r-i dt 

JO Jo 

fif STFcT ftqT 

f” *" af t*- 1 e-^ct (V hm (ct)f(t ) dt 


(4). 


(5> 
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# c errcr cm ^rf qrfr^ff jp; sr^r 

- j; '-'«+■)- «c w>* 


\c k 9 p 

" c ^ p 5171 tTg- (2 )=ft ^qjfRr qcrq qr jpf (3) 5 ^ ^fnr 

■3;5T|T«T 

[ 2 , p. 216 ( 14 )] %% qq 

/(')=' M * 1,2(a+ ^ M x „(at) M a ,^t) 


( 6 ) 


n :’-ll2 pV+m ry+H + v+l) 

nl+V+V 


^+^+ v + 1 ; i+v— A, — cr;l -f- 2 ^. 


1+2 " ; ?-;] 

/> />J 


= ^)» R (p)> 0 , ^(p-a)> 0 , /?(p-a- J S)> 0 , * 0 >-j 3 )> 0 , 

-^(^+M+ v +jS)>0. 

“eft ^if [ 4 , p. 226 ( 2 - 2 )] 


t P m- 1/2 e~ a t f(t )=t P+l-m-3l2 e -H2la-fj)t M x .„(at) 

J L _^ +1 ' 2 ^ +1 ' 2 A^v+p-lim-l) 

*,W p^v7V H -m- U 2 r^+v+p-rl-k^l) 

x p(6) r£ + a -r‘'+P+^±'»: i— cr-h/i, i+A+K p a] 

L 1 -k+p+v+p+l: \+2p, l+2v ’ p’ ~p\ 

=4>(P) 


R(a)> 0 , R(p)>R(P), i?(/+p-f J)> 0 , cFTT feyq *(|«JTg>d ^|^q^sm(ifa)q spiff 

srra |firr 


F {6) 


a, b: d, e 

- c: /. s 



z z 


r=0 5-0 


(C)r+s(f)r{g)s(r)l(s)l 


X r y s 


^tfe % ^rm ^ ^fr % <e?pt qp?n | sffr ^=i% 

^T%cT^T *f f^T 5pf>K | 


~ 2 

c, d 

1 

a, b x 

1 

e j y 

_ 1 

f,g _ 



12 


%o tr^To ftsnfwT 


sr^T i «r*r|a ^ <rr fft 

r t m,i+m ) 

XF, [ /+/U.+V+1; J-|-v — A, £ p — cr, l+2v, l + 2^, ^y— ^ , — : - a )] ^ 


r&+i*+y+p-\-i±m) 


pii+v+H+i r(\.+ix+ v +p+i-k)r(\+n+v+i) 
|+/x+v4-/5+/±m: A— a+^, i+A+v _ 0 


xF (6) 


1 “l - M ~ i~ v— [— /> — |— / — 1+2^, l+2w p 


STF^r ftcTT I 441 Ps i?(|+i“+J'+P-|-/±Wl)>0, p>fi, a>0 
a=0 ^ [3, p. 443] 

cr r. i r ( c ) /~ 12 /v /l ~ a > 1 ~ b 

tFjla, b,c, x ]- r ( a)r(b ) G 22 ( x o,1 -c 
W SPSPfftT TT fft 5lTcr [3, p. 422(14 1] STT'cT ftclT | I 

5^ 2 

cr«n -PiP)^- 1 e~ llict W k , m (ct) fit) 


^ m=P fV^+P)" 1 g 2(1/* p m ' Hm j *(H-p) * (7) 

«pnt ?WT^r srfwiTt ft sft-?; | /(r) | rr*u | ip-i e-i^ m ( C r) /(?) | 4ft 'rfftfcT 
tow ft 5WT R(p)>0, c>0. 

(6) ft a % ?«TPT TT p T’sfft Trft (1) tt;(? 4T?ft >TT fft (7) 4ft STrftcT ftftt 1. 

[2, p. 216(14)] ftft <TC 

f(t)~t°-' A [M krUl (a T t)\ 

r-i T T 



^r 5 -TT qm qfercff ix ps ^ 15 

=pa 1 l/*+Ml... (7n l/2+/ , B (p + i)-a-xV r^+N) 

/ _ fli tfn \ 

X ^4 y a + -Wj i -f/^i — &15 *9 2" ~i“ kn\ 1 ~r2/*i, ..-,1 +2^jrr 5 * M5 

A II 

=*(/>)» J R(a+JV)>0, ^(p±ia 1 ±...±la a )>0, i>=| 2’ (a r ), N=fr+ ZfrJ, 

eft fir stfct q*?r [2, p. 216(14)] if p qfenfa % sm 
/P _i g—i/2ct w k ,m(ct)At) 


=r 0+p ~ 2 e- 1,2ri ^i, m (cO 27 [Mkr^Mrt)] 

r*=l 

1/2 + /X*. 1/24-u 

r(-2m)r(a+P+iV+m-i) pa x -.a n "c™ 

xF, ^r+p-t-JV+m — i+Pi— fci, •••» Jt-Pb - \ t - m ~ 1t2pi’ ’ 

a, a* c 1 

1 — 2p n > l+2m; ( p+ $ +c ) » "" (p+6+c) ’ (p+ 2>-K>l 

=Hp) 

n 

i?(o |, ~|-p •— - N -\-tyi — ^r)>0, ^ =: ^ 22 (c 2 r \ i **• 

r*-l 

dhi^n)>0j N—\n -j- £ (av). 

r-l 


sr*nr 2 % *r 


f 00 7 N 02 ft rh—m, h-\-m\ 

f 0 t-P{t+p+b)-°-* . Gj-/^ p “ ) 

XjP^^ <j-\~Ni 1 — &i» •••» i~Tf J ‘n k/i j 1 t^i» ***> 1 ^f 1 /^ 


fli 1 

(r-f-/?+6) (r-rjP+*)J 


it 


„ r(-2w)r(cr+p+jv+w-i) c m+1/2 
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%o q?ro 


X ^•+/ x i — ^19 ••• j i~h^n km k> l-f-"2/ x i, ..., 

1 +2^ n , l+2w;^J^ c) , .... (/?+ £ , c) -'(7,+i hc). 

wrf% ^TP+A f ±B-|)>0,i=ir (a r ),N—ln+ 2 (M r ), p>b, c>0,a r >0{r=\,..., 

r-l r-l 

«). tf r =0, (r=l, .... n) *0% IT ft 5TRT <E5T [3, p. 237(33)] ft STTf^T ftcft | 1 

33 T^cut 2 


vfe [ 5 , p. 342] #' 

f(t)=t k ~P I v {yt) 


2 ll2 p 


' ^1)2 y l/2 (p2_y2jl/4+l/2 / t-l/2P 


A-P 4 - 1/2 /£> 

^*--1/2 l -; 1 


=^(/>), ^(fc-p+v+DX), *(/>)>! i?(r) | 

^ [7, p. 175(5)] 

tP-i e-1 >** W hm (ct)f(t) 

=t k ~ i ^ 1,2ci ^*,m(cf) 7,(y0 

. y r /? r 

”* 2 V [T(i ZTjTjp ^4 [ 4+^ — m-{-v , \ J r k J rm-\~v\ v ~|~ 1. v+1 ; 

P-i-iP*— y 2 ) 1 ' 2 P—{P* -y 2 ) 1 ' 2 

2c * 2 c 


1 


=Hp) 

-R(*±w+ v + 4)>0, /?(c+p±7)>0. 

sr *'’ q ’ 2 % *FHr#T *r cm P % ?«TH qr a t +b i , y % ?«TPT <n: 2 ab, k+k—m % ?2TR 

^ a, J-f-fc+m % ^TRT 3T ,8, p % ?srPT 77 p-j-A: T#r 77 3RRT: 

[ r -p {(f+a*+6 2 )*- 4 a 2^,2}i/2p-i/4 


XG, 


( t _ l\— m —k, \+m—k 


'(*-/*■ 

l V/0, 


)dt 


_TT ll \aby+ i i2r(a+v)r(B+v) „ r 

^r(i +v) rjTT^ ^4 a + I '> p+v; v+i, »>+i; 

srra ‘ f^n - WTW i?(a+v)>0, i?08+»)>O, a>0,6>0, c>0. 


<r 
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Sn (x,y) % fe# STRcTH 
TFTaft faf? rT«TI 3?Ro qr^Ef 
nfriRT 3gj*TTq, 3?TO ^TTHT^fl 

snrmr f^f ^ro»mt 

[ sib— 14, 1977 ] 

*rm?r 

sr?^cr srw ^fsq- groter qfqq S n (x, y) % ^ fa q- q - sn^fq grgvsr 

TTB SRTT I I 


Abstract 

Recurrence relations for the polynomial set S n (x. y). By Ramji Singh and R. N. 
Pandey, Applied Mathematics Section, Institute of Technology, Banaras Hindu 
University, Varanasi. 

The present note aims at deriving a few recurrence relations for the gener- 
alized polynomial set S n (jc, y), of order n , defined in [5] by means of a generating 
function. 


1. SnFdT^TT 


^ ’-pTefr srqr^ [ ° ] if 25 cT^tt Tfrrf % stiff tr^ 

■ s ri (x, y) ft 5R3T ^Ff 


Per 


\, m 1 -a /p/2 

■ X * 1 (l-^-^m) Hp \ q+1 


—yy n \t 


(1 -VX-”'t”-)P 


{[ap,Ap)} 

&MQ>'+i,b 9+1 )) 


£ s Ktth \m\a ;ft ;(ap,A p );l 2 : m 2 

n — 0 >(^y+i 


(x,y)t n . 


(l.l) 


^ tffTWT ?r qftgTfqtT f%TT W I : 3Tff P9* o , v^6Q, a, 8, A I, rn trq m h (h= 1,2) 

I, 

AP 3 
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TPtfV f%$ 5T*TT 3TR» Tt^o qT"i*T 


?r«rr 


V 0+1 

£ Aj — 2 Bj ^ 1 , 


j = i r* 


h P 

ll 

2 Aj - .27 4/ + 

2 Bj — • 

j=l j"/2 +1 

i* 2 

i are J 

<i'rrA / 

I 8 (1-1 vX~ m t m )P 


9 S Bj + 1=A'>0, 
j-l+i 


? = 


.n' rfaj-Ajb-j) II r(l — bj-\-Bjb]) 

H 2 h H1+1 


n r(i - a ; + Ajb x ) n r ( b j - Bjb 1 ) t - w > m 2 0 bi 

,•=1 j = 2 


(l.l) % stt*ptct Jr wra^J srcr 'rfprfer Tpr 1 1 

gtpfxfj °FT JT fefT ' 5 TTcTT ^ : 


,\\ m 1 : m \ a \ ii .\( ap , Ap )\ li , m i , , 

nlfil' , ',(bq+i,Bq+ l ) > l 


_} n/ ^ (g +ff^ 1 )(n-n;Aip+<.-wi^ 1 '^( _ X 

' i=o 5-0 (a +J96i) n-rrk^-m^.s'.in-mk -m r s)\ 

[ {M(j, ,/))]ri— ro£-miiiO A'/i(f. ’V (1 2V 

W j))J 

^STW I 5 p PRpiT 3 TT, tfV f^ft STT^RT Jr 'Tf^T&T s?>TT, s n ' x, >') 

5RT ^%rr 3^% 1 srp? pp^r % f%# sr???r Jr tTw^t frrrr | rfr m itt^t f^r 
(5) ^rr ( 3 tt^k n) qfcr^r § 3 tt |, srfer fsRiT sn%*n i sppr sm s „ (x, y) % srra^r 
mf % fem if 1 1 fpsrffrf* 5 cr g-prf % qfwir Tpcmf (%fw? 

5 E 5 nsff % Jr irm | i 


s^nr sm Jr f^Pif^r *t%?rT ppnc fw suNt i 

(i) (m)— 1,2,1, ...,m 

(ii) ( a p )=a 1 ,a 2 ,...,a p . 

(iii) [{a p )] n = (aJniaAJas) n ...(a p ) „. 
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crg<^ Sn (x, y) % fc^* 3{r#T 


N , tv b b 4-1 6 t <3 - 1 

<,V) — .-. „ 




a 


(vi) t(M ( /,/))],= /i n ( J a :~ A M . 

j=i f“i V Aj l n 


.-(vii) t(i = h n [ i_i 

H f 1 i-i V 


-1 -aj—Ajb 1 \ 
Aj 


- (viii) [(N(i, ;))]„= 4 J7 77 ( 
H+i 2—i V 


4 J7 77 (i b i~ B j b h) 
= l +1 2=1 \ B j J Tt 


(ix) [(! -A^O'. ./' )],=/I 77 / i 
J“* i-l \ 


77 n / 1 i-\—bj-Bjb 1 \ 


Bj )r. 


(x) E= 


/ 1 A j 

E B, n Aj 
( 1 ) r 2 

Z 7 ?~1 ^7 

27 ^ j 77 £/ 

(_1) j=/+2 j“2 


(xi) «]=tf rin (ziMShA hJLzl\ 

J=1 2=1 /=! V 7T2 //; 


(xii) A s i['«;(M 1 (i ! i))-»]= 77 77 77 _,))-n~/-h 

j^-fi t=i /=i V m » 


* (xiii) A 3 a[«j;1 - (7V(7, /)) - «]= ®/7 77 J 77 ( zA A Al zILzi 

J-/ + 1 !=I /=1 \ AM 
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TR5fV ^rsrr STTTo n-^o qjufqr 


(xiv) A 4 a[w; (Ni(i, j))—n]=n 27 77 f ( N i^J))~ n tl 

jr 2 i= 1 /=i V m 


( xv ) A^K ; 1 - (M(i, j )) -n+mk]= n n 77 f ■/))—» 

j=i i=i /=i V m, ) 


( xv 0 Ay«i 1 ;(M 1 0', J 0)-n+mA:]= 27 27 ”n - n \-mk + 1 1 


K+i *=i /=i 
J 2 




i? ' 

(xvii) A 3 j[«i; 1 — (N(i, j)) ~n +mk] — ff * It’ 7t ( ( Ar 0Y/)) -h •‘-mfc +A 


=1 +1 Z ~1 Z= 3 1 


/Mi 


(xviii) A 4 f[w 1 :(JV 1 (i,/))-B+m*]=ir 77 27 / WO) .i))~n -rmk 4-/-1 

i =2 z=i /=i \ m 3 

, ^ % ^ ^ (( a p^f,),n) W,T cTT^ct | (A/(/, /)) +«,(1 .. M x (7, /) 4 «) 

STR 3TFT | 

2. y % srfa srrarfsr 

(1-2) ^ JTTH ftaT | l 


ln/m} tnlmi] , p h x L/ 

>0 = 2J 2 _( a ^ pbi)(n-mk)Ptk-nni3s v K- 

k= 0 f "° ( a + ^i)(n-;?2^) i S-//v 1 i3y^!‘ S !(« - 


iZ 

-mk—m x s ) ! x 


(2.l) ejrf 3 f^Tcf: J % «fR% R 


C / J \ [22-1/ W] [M/7721] ( , nr s 

l c y S n (x, J>) — W 2 ?7 2? 2? ( a rbl\7i-7nk)p+k-niifis 

k ~° 5=0 ( a T^i) ( ,i- w ^, i 3_,„ li 9 5 . 

*“* !( "~ 1 ){(N{i,j))] n _ mk Z^ x 


X 


?TT^T <111 =t> <U7 % 


[(1 - M 

1 0 j ))]'i—Tnk—misX% m k 


(yi-n^d/dy^x, v) = Ow»^)[( Af< i, j ))][(!— M, (7, /in 

r^O,77)J[(l-2V 1 (i..j))] ~ x 


( 2 . 1 ) 



WfT? Sn (x, y) % M 
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2 2 (g ftb } 4- ^)(n—i-’Tnk)B+k—n' 1 ^svH~~ ^) S 

k 0 S ~° (?-- i r$bi-\-fl\nr-\-mk)$-m i pskls\{n—\—mk—m ] S)\ X 

[ -f- {N(i, j ))]„_i_;„1_ OTi j[( 2 — Nrfi, j))]n-mk~i-m^ xi “ lk 
_ (m 2V p.E)\(M(i, j))][(l -M,(i, /)) 1 a+p-Ha AJ 1) 

[(^■,7))][(1-JV,(/,7J;I ^ 

5ITH ^TcTT I «r^T n=<l. 


Si 3Td*f<Hd qr 

« 4 -sfi-iiap A) s ) 


fqfw sstt? 


(i) (2.2) Jf x=0—b 1 =p=l 2 =q; m=l=p=p= x =l 1 =i=r 1 ;a=l/2 

V= — 1 TO rjx 


DH 2n (j)= AnH^y), 

D=djdy cPTT H 2n { 7) | | 

(h) (2-2) w a=2v 1 ; i.=l=m=m 2 =/ 1 =/ 2 =p=i=^=.- c ; A=0= 

l-v l5 ^, = 1; a«.=2=jS cfqTy=7_l qrc 

2)C> (7)=2, 1 C^ 1 (7), 


D=d!iy cPTT C n ( 7) frfrddK sifTC | | 


(iii) (2.2) *T a=l+c+rf; A=0=Z> 1 ; jx=2 =j3=p=J 2 ; m 2 = l=v= 
£=t)=x; a ± =i— %c— \d, a 2 =— £c— A 1 =l=A t ; b 2 =-—c. B t — 1; y= 7- 


(c>d) n. 
DP n (10= - 


~ck~d+n\ (c+ij+i) 


1 


' n-l 


(Y) 


-tnk-rtis} 


(2.2) 


(2.3) 


; m 2 =l cT^r 


'i=?; «i= 


m=q=l l = 

-l nfestm 
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TPT-sft cnrr 3 tko tr^o qr«i*r 


d {c * d) 

Wff D =Jy p n ( 7 ) 31fR- I I 


(iv) 3rj% ( 2 . 2 ) if A=0 =b 1 =p--=l i =q; / x == 1 ==^=v=m=w 2 =f='»?==x; 

a =H"^i OTT = -1 faqT 3TRT 3frc ?RP5Rf % sP*T spf (%<TT SIR eft 

nr (X l> 'V 1 ) 

DP n (F)=-4-x in 

d (^i) 

eRT I„ (.v) eTHtT 3T | I 

(v) ( 2 . 2 ) if m=l=OT 2 =/ 1 =/ 4 =^=r/=x; *=- 1 ; A= 0 = 6 1 =/ 2 =p=< 7 =^; 

■a = l+A, T^?r eT«!T % sP*T spt TT 


(X T ) (X-,) 

DA n (y) =A„_ 1 (y), 


- n d < X 1> 

^1T ■ D =^;' OTT -4 n {y) 'sft^ReR- «TfR | I 

3TR 3f>T3T % 'TftoiTIT oft 5TT ?PRt §f I 

(2-3) if : rnK (i) % (v) if fgft ^ srf^ff it frRfofer qf^THT ferfSTC 

^STT3ff % if srm ft% I : 


(0 


d ? i „ , . 2 2s i (n ) ! „ 

^iniy) j I H ir.-zZ ^y) ■ 


dy s i 


.... d\ 
(») - 


O'iW-'O* C/ (7) 


- - 1 . C i (Y)=~ 

dy‘1 n (yt-sJ^l-^-s^.n^iY -\)h 


(“) m r “ A (J')=2 J «i+c+</ no* CT*’ (jo. 
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Sgre SHpre Sn(x, y) % f%?r src^a- 

3. x % s% araaH 

(2.l) % £ht «rMf ^t 3fsi?r: x % srf?r at^f^ra tt 

d t Inlm] [nlmi] , , 0 l \ 

— S ri (x%,y 7} ) — —mt; E E ( a Jt -@bi)(n-mk)p+J-*i- 1 fr y 

X ^ =1 5=0 { a ~~fibj ){n-mk)fi-TK 1 fis 

(rEy-’»*-*>is v i ( _ xy [(M( h ,; ))]„_, , 

(k- 1 y-sKn-mk- mi s)\[N(i,j))]„_ mk _ WiS 

[(1 - Mjji, j))]n-ml- mi sX-t 
[(l--Wi('.y)) U-,,.k-m x s 

= -mZ» n ~T ] (o+fa-Hn-m-mk^k-mM 

k = o s = o k\s\(n--m—mk--m 1 s)\ 

(a — ^i'i)(n-m-mA) 

{(MjU j ))]n-m-m^r :n s[{\ -M,(/, ., 

[(■^l Z jj))]n->?!- mk-m-iS 

x -i- 

L(1 ^liU 7 ) ) ] ri-m-m k-m j s 

f%¥% ii fcRfcrfer <e5t stth ftar 1 : 

J- X S n (xS,y r >)-! r (mvZ){a+ fibrin - m)P)x- 1 ^S n _, n (x^,y , >) 

+v(mp- \)x~ mi ; j x S„_,,Xxe,yi)+(nm l ZvPA)x- 1 -"‘SS ll _ m _ mi (xty) 

= 0 , 

^ n^=m+m 1 . ^ 

falw ?*TT : 

(3.1) if a=a+n;\=0=b 1 ;P=l = v—m=m 2 ,Z=r)=l J =y;l. 2 =p;a p =l — (cLp), 
A 1 =l=A 2 =A 2 =...=Ap', bj +1 = 1 -(p q ), B 2 = l=B a =B 4 —...—Bq +1 ; n= — 1 
% sF*r % faw* ir ?pr £prw srrg frnT 

D [js 5„(x)] = - ( ^- l ) S„-i(x), or|f D = d j x a*rr Sjx) f^fr-sn^rr «r§q<r 
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imr %% 7 ^ f 1 

Abstract 

On partial differential equations and generalised hyper geometric functions. By 
A. N. Goyal and K. C. Jain, Department of Mathematics, University of Rajasthan, 
Jaipur. 

In this paper we have obtained partial differential equations satisfied by the 
generalised function of three variables defined by the authors. The partial differential 
equations so obtained contain the ones given by Saran, Chaturvedi, Sharma and 
Meijer, as particular cases. We have also investigated the series solution of 
these partial differential equations near the singular point (0, 0, 0), The solutions 
near the singularities, viz. (0, 0, 00), (0, 00 , 0), (oo, 0, 0), (0, 00, 00), ( 00 , 0, 00), 
(00, 00, 0), ( 00 , 00, 00) can also be investigated on similar lines. 

1. STCcTTcRI 

fpr [S l 5(1% ffmr ¥<T Tfoufer I 

I 


rc, 0 . » x , n i; I? 2, »;n* 3 » «3 * 
*P, q; Pv n; P2> n; Ps> 9* 


{( a p> a p> a p> a p)) : ({kql 
( i e Pl ‘ > yp ^)) : ({ dg x y ^)) 

(C C jV yp2^ * ^ 2 )) 

(( c /? 3 » Ypy) * ((^» v) 


AP 4 
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tto mm %o ^fto 


1 r r r 3 3 sk 

“(wLLL * i> <i '°>' 

m 3 M 

nr(a j+ 2 7 a.* Si) 

, 3 v J=1 k~l J 

•A(£ **)= (i-iv 

*” 1 P 3 1,9. 3 ^ 

JI 7 ( 1 -a,- 2 ? « * St) 17 r(iy+ £ ft* Si) 

j-m+ 1 fc^l J j=i £«=l J 


<£(s*)= : 


A k Jr k 

n m-Cj+Yj *k)n r(d.-s , s*) 

7=1 J 1 7=1 J J 


Pk 

n 


r{c.-y. s k ) n r{\-d k .+h k . s k ) 

j" i+m i j~ 1+n k J 


(,iPp> a py) — (^ 1 ) a l)j (^ 2 > a 2 )> (^ 3 ». a 8 =)> •••> (^/ 7 > a />) 

V A € (1, 2, 3) 'JJM, m, m A ; />i, q k , p, q STCT 

(KtwsQj, g>0, 0 0<Mi<g fc , p+gi<?+?/„ tfi>l 
# ^ | I 


(l-2> 


(13> 


(14) 


*i= 0 , V- fce(l, 2 , 3 ) *TPT I sfhc fCrfi ?qqf ifR f^RTT »TCT- | I 

L k (*=i, 2, 3) srar qq: | sfft sttst^rtt qf% tc w gtff - *oo % -t i‘oo gqr 

| faqrct srmfg- ^ «n *r% f% r(d--h k s k ),j=\, 2, ..., n k % qtar % <?rf 

i 

** ^ ra -^ + 8 j s k)J=U 2 ; ..., Wi ^ r w + i aj A Si) 7=1, 2, ..., w % qtosmr 
sftr q? 1 qfrtnfw q^Fc *i, v- fc e (l, 2, 3 ) qrr q*iq- fRrr | qfe 




I arg [=| 4>k |<(Ws+itv'— iw'^TT fr«rr Qw' 5 i-w' 1 >w 2 
x k =r k e>P k 


< = £ (af )+ / (yf h w> 2 '= Z (SS+ J (ft*) 

7-1 7 «l 7-1 J 7=1 J 

■ • - 7 ■’ 1 

w ;=| ks;)|- | ( a^)|- ^ |( y J)| 

^ ((«/))» i(Pg)), ((y^)), ((^)), v k e (l, 2 . 3 ) ?nft yq | 


(l-5> 

(1-6) 


(1-7) 


(l-8> 



3Tfftr^ q^rr srrfrfcr ^q^qrftrarq qv?FT 
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2 . ariftw arqqsq ®pt fartfa 


^TPTT w % STO ( 1 - 0 ) 5 feoT qsq Spftftq fw 'STMT | I 

j ^ ^ pk k n k k fit , ^ 

■ x k j— 3iT ®k ft, (. Z y: — Z §•) qft u k % g'sjT Z a: -{- U/j) qft w k STTI Stfef +*<'1 

* x k r-l-rmk J j“ 1 - j=i+m J 

-px w sm ftft srrfw^ srqqqr gqftqiqftT v k e (i, 2, 3) qft 

(->n«n (aj+z af e k ) tk n (1 - fc +yf *fc) * 

L i==i i=i 7 a ; ;=1 L ? 7 J 


- n ( bj t- z a * a*- 1) A n'(i -#-8 

j-i • i=i J Pj j- 1 j ■ 


k fSj S4.) s *j w=0 (2-1) 


‘5KT 53TfB feTT ^PTT | 


(a) r =a(a+l)(a-i-2)(a + 3) ... (a + r-1) gpqr (a) 0 =l. 


( 2 - 1 ) qft q^qft % fftft fq n (l -c-~y k 9k) t qfr w qr ftTqfts q?qft f eft 

j=i J yj 


n (1 -Cj+y* 6 k ) k 
i =1 m 


Yj ( 27ri )*) Ll V*, ' 


f f f **> 


L 3 k=* 1 


n {<l>(Sg)Xe ds g } 4>(s k ) n (1 -c, +y- $*) * x/ A* 
r^> 71 j =1 7 j 

wff k. fit, d e ( 1 , 2, 3) ft%q i 3R -sje qft — 1 srt srftnemfft q? 

r(zf0=(-i) r (i-z-r),r(5) 

■■qft srqtfi qpft ^ HwrqpTn- qqft q^ (2- 2 ) qq ftftpq qsr fft*q spfk fftn: 


— Iff 

l-rrif l Lj J i2 j L; 


n r(aj-\- z a) k S k -at) n (l-^-sf.+s ) s k ) 8 * 

J =1 k-l J r 1 J °J 

.3 m 3 / ( , 

I! (1 -a; - Z af S k - at) x k ( — l)“i 
j=l+m kr l ' J 


n {<}>(Sk) x k k ds k } 
kr 1 

if nbj+zftst-t 

j=i A-i 


(2-5) 
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TTo tT?To nfeT cWT %o ?ft° ^5 


rn (2-5) if & (aj+ | aj k 9 k ) J k STTTO nfe 3fk ?R 
j-v k~ l j 

(z-r), r(z-r)=P(z) (2-6) 

% arm nro (2-3) qft srfrE q;q3r <rc (2-1) if fen |3 tt qrfear nnfe^n sito ftcrr | i nfe 
qk+q>Pk-\-p nt 3Ttf?r<n smqm nnf^T (2-1) qft qftfert q k +q, v k e <j, 2, 3) ftaft 1 1 
Pk+p<qk+q, ¥ k <= (l, 2 , 3) nfet qr fif nqr srrn fl% t, nnr ^=0,*!= oc, 

*2=0, at 2 =co, *3=0, *3=00, Xi~x 2 =x 3 . w 5PW 3TTS tT^r^t fe| n«TT (0,0,0), 
(0, 0, oc), (0, 00 , 0), (co, 0, 0), (0, oc, cc), (co, 0, oo), ( 00 , 00 , 0) ( 00 , oc, oc) ffef 

mff % qqr qr qrfet % srt sw fen nfe 1 1 

^ Pk-rP=qk+q, ¥ k € (1, 2, 3), eft fef {(-l)«'i, (-l)^, ( - 1)“> 3 ) nt 3Tifeqr 
smq^r nm+ <<rfi (2-i) qn ^qrfet fn| ftan 1 1 f n w ^fet fe^ % srfetn if ^ qn nanrar 
apw ngf 55 qfe 1 

p. 

nfe Pk+p>qk+q, ¥ k «• (l, 2 , 3 ), art (2-1) snftqfejft % ferfe 55 : |ir stts arqnqft 
fef srr>n ftat | spqfe (0, 0 , 0 ), (o, 0 , oc), (0, 00 , 0 ), (oc, 0 , 0), (oc, x, 0), (x, 0 , x)„ 
(0, co, co), ( x , x, x). 

3. fe w ?W 

¥ k e (I, 2, 3) qiff feffeeT qff | I 

(I) jrfe (2-1) if 

01=8, 02=<f>, 03=^, *1=*, x 2 ^y, x 3 =z, 

k k k 

mk z =d 1 —y 1 =0 9 m c —q/ c =S 1 = \, 


a i — a i> a 2—Pi> a z — ?2i a 4~yi> bi=y l9 
1~2 3 


Cj a* Cj — fi v C 2 — 

(3-1) 

o s =y 2 , h=y 2 

Pk=a t 1 k =a a 1 =a 3 =p t k k (k^ 3)=1, 

(3-2) 

a 2 =a 3 =aj k (7=4, 5)=^ (k^ \)=P 2 =0 

m=p=6, q= 3, b 3 =y 3 , a 3 =y 3 , a 3 —fi 3 = 1, 

a *= a t =$?=$$ 'yk^l 3)=0 

(3-3) 
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5Tf^TTW TO:, 3fc TOTOT TOTTOWT to gfc ft(a 1; a 2 , a x ; ft. ft, ft; yi . y 2 , v 3 ; X, J>, 2) 
5RT 5TM TO, «ft TOrT t5J 5TTT fen TOT TOTO | Sfsstfe 

(i) [0+y a - IJ-xCfl + ^+^+ajXfl+ft)] ft,=0 

(li) [^+y 1 -l)- i y(ff-f^ + ^ +ai )(^ + ^ + j8Jf E = 0 (3-4) 

(iii) [^(7r4-y 3 _i)_ l^ftaiW+^tft)] ft==0 

(II) (2-1) *T (3-1), (32), (3-3) arh 

m=p=5,q=2, a 2 3 =ft 3 = 1, 4 3 =0 

nfronm to% to *nr srfftnp totot 5rr<r | ferot topt 

Ep Oi> at, a i , ft, ft, ft, >j, y 2 , yg! x, y, z) 

sm fra) | sfr tottc 4 ’ srt fen tot | TOf?r 

(i) [e(6+ Yl -\)-x(e+<f,+t f a,)(0+tf +ft)] ft,=o 

(ii) [^+^+y 1 -l)-Xfl+^ + 0+a 1 X^+^]F i ,-O (3-5) 

(iii) [#ftt <My 2 -l)-z(0 J- <£+</<+a 1 )(0+./<+ft)] F f =0 

(III) (2-1) ir (3-1), (3-2), (3 3), m=p= 6, ?=2, a 6 =ft, 

a 3 =ft 3 =l, a[ k (fcft3) ; = 0=a' 3 (j=2, 3) 

nfeTOTTO to^ to tottott y i L d |> frofe) gfe toto 

ft c( a i, a i, a i> ft, ft, ft, ri» y 2 . ys> y. ^) 

5RT ftnt I afr TOTTC 4 ! £RT fen TOT | anqfa 

(i) [fte+yi- 1) - X {e+4>^ -f a i)(^ 4ft)] ft=o 

(ii) [<f>(<l> + >p + y 3 — l)—y(d-\-4>+>l> 4<ft)('£4ft] fts=0 (3‘6) 

(iii) [^(^4^+y» — I) — 2(#-f ^ - r)/ , "i- £1 i)()/’4ft)l fts = 0 

(IV) (2-1) * (3-1), (3-2) 

*1 h n ,-v, * 2 o ' 1 o * 2 i 

a l — a 2 — a 3 — P 1 — A* — ^ 

4* (fc^l)=4‘=4* {^l)=*] k 0=4, 5)=a' 1 =^ (fc^l)=ft 1 =0 (3-7) 

TOT 

m=p= 7, q=3,p 1 =2, a 6 =y 3 , 07 =a 2 , ft=y 3 , c|= a 2 . 
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TTo qffo ciqT %o #o #fr 


Pi — Pz — (^T^l ) — @3 — i> Yi — a 6 C (^“V^l) — a 7 — Pi — Pi i . — 0 

■srf^qTT^r qr?t qr ft srtftr^ brppst frttevjr qra ftt | faqqt q;?PT 

F k( a i> a 2. “2- Pi, Pi, Pi', Yi, Yz, Yz', •*> y, 2) 
sETTT fftft | fsrt *n7T [4] t fejT | 3f«rff 

(i) [M+Yi-l)-X(e + a t )(d + <l>+Pi)] f k = 0 

(ii) [M+Yt-V-ytf+t + aJtt + fo] F k = 0 | 

<ili) Wty f y,-l)-z(0 + *.f a 2 )(0 f t+PJ) F k = 0 

(V) (2*1) t (3-1), (3-2), (3-7), 

«1* (Mi)=^ 3 =i 


3 3 

m=p— 6 , q=p 1 =2, Pi=p z = 1 , q 9 = a 2 , c 2 = a 2 , y 2 =0 
nfcKqm qr ft artftrq? srpw sttq^o-r snvr ftr f gts q^nr 

a 2, a-2. Pi, Pi, Pi', Yx, y 2 , Yv x, y, z) 

5KT frdY | fwt t qft'qrfqcT %qT | ST^fcT 

(i) [0(0+ yi -l)_ x (6i+6i 1 )ffl+^ : (- i 3 1 )] ^=0 

(ii) [■/>(<!> +<l>+y-i—l) ~y{<f >-\- ^ + a 2 ) (<£ -|-jS 2 )] F u = 0 

(iii) [^+^ + y 2 -l) f^+a 2 )(0+^+ y 9 1 )] F lr =0 

(VI) (2-1) t (3-1). (3-2), (3-7) m=p=7 i ... .. ‘ . 

q=Pi=Pz=2, fl 6 = a 2 , o 7 =a 3 ,c 2 =a 2 , C^a^p^a' 2 


*3 3 


’» o‘ 3 1 1 2 *2 

«7 =/^2 =li,y 2 =r 2 ==a 6 =a/ (^3)=0 

qfgFrrr^ qr ft srfftr* srrer ffr f f^r# gfc ^ 

F n(vi, a 2> « 3 > #1, Pi, Pi, yi, y 2 , y 2 ; *, y, z ) 

SRT ft# I f%t ?H7TW t ferr | 3Tqff 
(0 ^(^+yi-l)-x(fl+a 1 )(e+^-f i e 1 )]^ =0 

(ii) i^+^Yz-l)~y^+a 2 X^p 2 )]F N =0 
(no [^ + ^_ y2 _i)_ z ^ + a 3 )(0 + ^ +J 8 i)]i ^ ==o 


(3-10) 


(3-11) 



srrftFP fr?q ^roifrota 4^ 
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(VII) (21) ^ (31), (3*2), (3-9), 

4* (k^2) = Jf = «i* =p? =y,* (Ml)=l, 

a*=^=a*j k U = 4, 5)=4* (k^2)=p[ k (b£l)&=0 


^2 ^3 1 *3 ^2 ~ 

a 2 =: <2-3 == A, ct-2 Q3 =U 


(3-12) 


Stq'+d «'h'|+<. u I STTO sSld 1 ft y,fe &KT 


Midi 


Fp(ai, a 2 , a x , Pi, Pi, Pj! 7i> y2> 72’ 7) 

% fra- f smk 

(i) [0(0+7i — 1) — *(0-r’/ f + a i)(0-r^ -rPi)] 2*p=0 

(ii) [<£(<£ +*/» +-y 2 — I) —y{<k ha 2 )(0 +- £ -rPi)] F P =0 ( 3 ‘ 13 ) 

(iii) [V# • ^ +y 2 -l)-z^+p 2 )(d+ 4 ’+a 1 )] F P = 0 

(VIII) (2-1 ) 9 (3-1), (3-2), (3-9), (3-12) V? (2*1) f 

«3 h , *2 f 3 A 

a 2 =a 3 = 1, a 2 =a 3 =U 

TO% TO l[*r 3Ttf9W 3H+>i STFcT ft% f (^H=hf fli'l 111 £KT fTO TO 

Hidd 

F & 2 , a l> Pi) P 2 , Pi)) y x » 72 . 72 ’ ■*•) y> F) 

% fra f TOk 

(i) [0(0+7i _ I) — •^(® t , /'+« 1 )(®+‘/'tPi) F r =0 

(ii) [^4-0+7 2 -l)-7(^+a 2 )(^+p 1 )l F r =0 (3-14) 

(iii) [ip(4 > + ^ + 72 — I ) — z (®+ ^ + “iX^+ ^-rPi)] ^b=0 

(IX) (3-1) t m=p=6, pz—2, a 6 =p 3 , c 2 =P 3 , 72 =4* (^2)=0 TOT (2-1) Jr 

1 1 "1 

Pl= 2 , /? 3 =g=|, Cl 5 = 0 - 2 , C 2 =d 2 > 72 , 

4 W^al 2 ^* (fc£l)-p**-l l 


4^ (k^l)=a 3 k (k^£ 2)=a 4 ' t =a 5 1 =0 


( 315 ) 
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Jrf^fT'T’T cn; ^rr 3Ttfe7 sr^^r grft^trr 5TP<r | %?r^t ffe *n7r [4J skt 


Fs ( a ij ° tt a 2> ft’ ft> ft! Vii 7i> Vi> yx> •*> y> z ) 

?r ftfr | swfa 

(i) we+i+if'-* n-i)-*(®+«iX»+/ 3 i)] ft,=o 

(ii) [<£(#+ <£+’/'+ yi— 0 — y('^+’A+ a 2)(^+ft)] ft= 0 

(iii) [i/r(0+^ •*- Vi - - 1 ) — z (^+’/'+“2)(<A+ft)] ft=0 


(X) (2-1) *r (3-1), (3-15) ^ m=p=5> p 2 = 1, a^I, a 2 2 =0 


^ srtftr* sm^r srrer p $ gfe ^ ^ 


F T (a u a 2 , a 2 . ft, ft, ft; y„ y lt y t ; x, y, z) 

% I smfe 

(i) [0(0 +^+yi — -1) — *(0+ai)(0+*A+ft)] Ft —0 

(ii) [<£(0+<£+<Hyi l) X < ^+ft)(^+ < A+a 2 )] f t = o 

(iii) [<A(0+<i+'/'+yi-l)— z (^+ 0 +ft)(^+^+a 2 )] F t ~0 


(XI) (2-1) ^ p- 

m=m \> P=P\> <7 ft- mi=m 2 , P!=p t , <h=q t , m 2 =/w 3) n,=n 3) 

Pi=Pz> 9s=?3> m 3 ==n 3 = ‘p3 — ^z =a j =aj*=0, a J 1 =a / a =aj=j8y 1 =ft*— ft ( 


ft= c j. y;=yj.ft=ft, c,=e-. 


y j =x > 



x 3 =y 


5rf?^m sftr tftar * 8 ->o € crt srifirs 3T=pfr?r ?nft^ jrr^ | faq-cft gfe 
^g^frtsi gm »ra- ^*(^, _ v ) jrt fftft 1 1 

„ i ..(XII) 3fk 3TRt jrf? 


a j — ft — Yj =&j= ft = ft = ix j = I, bj=a', cj—bj, d;=b'u, e 7 = 


’i> d j= b ]„ ej=c,fj=-. 







33 


eft ^ 5)ifil+ 3{o)4^ grft^JT STRT flcF | ftwT 5nT? [e ] gRr qf^TfWrT 'J^PT gTTT 
1 1 t w 1 ’ 1 irt 'rfbrrfer G(x> y) Tf^rr fsR: p- *r<?m ly^ 1 sriftr^ sr^t 

strt 4R *m% | frR4?t gfe G(x, y) ^rt fr i 

(XIII) 5^: 

m i=Pi=qi—m 2 =n i =p 2 =q i =0, m 3 =n, n z =m, p z =p, q z =q, Cj=aj, c'^bj 

w *ft*TT y-+0 # <fr srifsTsp 3R^?r Hrft^Ror ^r<r |k fsR# gfe itt^r % ’iwFT srt 

sr^Tef 

[(_! )P-m-n x fj (d-aj+l )-n ( 6 -bj)]G(x )= 0 (3-18) 

7“ i i =1 


4. fa?| (O, 0, 0) % 

% 5RT 3?r srfro fefa 37T ^RTTT 3R?T |ir fjf 3lfftpF SR^ *RRr?Tjff (2’1) 

% fwfafw ¥7 ITR ^ra- | 

h h 2 A 3 ® C 1 v 2 ^3 . 

w=x 1 x 2 * 3 27 x x x 2 x 3 A v v v (4-1) 

Z?l> V 2 > ^=0 A * 


: W h v h 2 , h 3 3TER I cWT v l5 v 2 , v 3 jof ^fwr? I I (2-1) t w % *TRT *Pt (4-1) *T ST 379% T< 


(- 


3 t, 


1)- A 2’ II [aj+ 2 a/(h k +v k )] t , 

* 1 , v 2 i ^ 3 =0 7-1 w-l J a 


k k 3 03 

n [1— <7 +7/ ft-rVj] k > * , r ** il *fcV®Jfc - n 
7-1 J J Yj k=1 *1,02, r3=0 


<? /, 3 n q * 

n\bj ^^s/^vvt)] , n 

;-i a=i £/w=> 



(fyc-r-V*)] ^ 

8 i 




27 xA + c i=0 


<4- 2) %, % WT3W (indicia!) ^sp-OT | v fc e (1, 2, 3) 


(4-2) 


AP 5 
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tTo txfTo cRT %o #to 



*nffaRoff (4-3) §■ r gnR ^ 5R% f3R% *TR mR?r h u h 2 , h 3 | «r^r 

r== JJ (. s s j )+ sranr % 'T?f ^t ?mr + i 1 (d k ) 2 (3 ih i (s-’' 4 -k, h, / 

K- 1 J=1 J=1 ' J=1 j-1 J 

% frfavT tfWR tfsflRf % 5EFT5T + fr * ? T fat€d 5RrR % <R 

4 (Pf)z (fih 2 ( 3 /) 

j=l J j=i J j = 1 7 

«ft A:, A, i % f^CT5T *Rq=T *RtRf % *HR | 33T<R qfa-f. 


k, h, i (1, 2, 3) §rftR k^h^i I |JT q-Rf qrt ^rfer ref % ?rff £ s ^ ^ ™- 

3iq^ ^s^r q?r *rr gm qfwftr?r q^R " * 


2 E ( a i, a ly a lf fa fa y lt y 2) y^; x, j, z) 

t W^T cftRWf % Aj, A 2 , /i 3 TTRf % *nR3T %5f # 
(4*3) ?T 


^r?r 3iT5 frqr i snffaRur 


IT n (aj+ 2 af (h k +u k )) t 

;=1 1=1 k= 1 _ i 

^ CL; 


A h’ H' '’a - 




3 

X n 

A=1 


^(l-Cj+yj (h k +u k )) k (— l)a» A 

7 7j 

k k 

Il(l—dj+8j (h k +u k )) u 
s i 


1 


(4-4) 


^ ^ ^ Ai ”” Vl *' T ,! f 1 **" % ™ *.. ^ Kim a, v ,, , 

^ JTR fiRRT I 5RTR ^ stir Av x , v 2 , v 3 % i|R grftqRui ^ 9 

(2-1) sr^r ^ 1 5ft faz ( o, 0, 0) % srfr%?r if 1 1 


2 5 °s 
qR 



3rfftRi 3?«pp*r ^ 
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w snsrc *r (2-1) % ?rwT«i f?ff srr spiot | sfr (0, 0, oo), (0, oo, 0), 

.•(oo, 0, 0), (0, oo, oo ), (oo, 0, oo ), (oo, oo, 0) ^ (oo, oo, co) % ald^l ^ ff I 

1. 3ITO, 3TRo qt°, sfftfto JfoTo 1^)0 mf?r, 1965, 31A, 536-546. 

-2. %0 %o, qt-q^o sto Sftftm, fwf^Wq, 1970. 

.3. tfr, %0 gYo CRT *fPT5T, T ^°> Acta Giencia Indica 3 ST^TW^T 

4. liSvtT, TTo, Higher Transcendental Functions, ?TPT I, 4+yifjM '^<41+, 210. 

5. tfRT, iRTo, qfaret, 1954, 5(2), 77-91. 

■ 6 . Stiff, 5ffo tr^To, qt-q^o 3fo qtftfH, sflstj?: fq^qf^rmq, 1965- 
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[ jith — sra^r 19, 1978 ] 

tTTTTTr 


5T^ 5m if t^rfi ?Nt # 1|«« ?R>5fHNdl Tt xnp UTR f?I3ferr »RT | aft ig fon : 
?T# Hi Tt TOt % 5f%T 2 % #JRT | I 


Abstract 

On Norlund snmmability of Jacobi series. By B. K. Beohar and K. K. Mishra, 
Madhav Vigyan Mahavidyalaya, Ujjain. 

In the present paper we prove a theorem on Norlund summability of Jacobi 
series which corresponds to Pati’s theorem 2 on Norlund summability of Fourier 
series. 

l. htht 2 u„i. t ft | 3rtf5rq5 jfPiwf ?t 3rg*H {s„} 1 1 htht {p n } 

qiirufq'ti ITT fTHdi H 11 qrr SHsb+f ^ 5ft iPT f% 


Pn—P<rTP\-T”-Pn> Prf£0 


^TprTT 


tn = 


y Pk S Tl-k 
A-=0 P n 


(M) 


5KT {p n } SKT qffer SPJsOT (j n ) % HTTfs HTSHT qrr {Q MR ' HlPu d fRiT f I 2 U, t 

mqwr s if 5PP5Prm ( n , p n ) | nfe lim t„ qrr srf^r fr sffr s % ^ fr i 
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%o d^r %° %o ft-sr 


(1.1) gTTT 'TTVmfacT q ^ q ta crT (N, p n ) f^fsr f^qm % srfer?sr |fir 


o 

11 

c [ k ; 

sf 
^ « 

(1-2) 

2 Pk=0( \p n \) 

(1-3) 

k— o 


2- *nrr f(x) tr^ qj^rq- 1 sft srrm [-1, l] ir spur 3%) 

Tfar 1 

(1— x) a (l +x)Pf(x) e L[- 1, 1] 


f{x) ?r ?r^ fq?r?r 


(<2 |3) 

/(*)~27 a„ />' (x) 

(2-1) 

I, 5RT [* (1 -x)“(l +*)£/(*) p‘°^ (*) rfx 

(2'2) 


(2/Z -f - CL -r ^ -f" 1 ) JT(n -j- \)P(fl -|— CL-\-fi -f- 1) 

gn= r(n+a-fl)r(n— jS+l) 

^1°’^ (*) t^RT 3f<re 1 1 


3 T=r fspt'ir 

F(^)=[/(cos 4>y-A] ( sin £f a+1 (cos ^ +1 

a sfr 1 1 

£*rt ( 2 - 1 ) # ?tr^ <r f^R 3 R?r |% g^ [1] % f ^F^d sfitt %s 

■ferr 1 1 

sr*ta 

^THT { p n } TT^ tr^ 3FRT 3T=rsNT?T STpTqr f f% 


V ✓}/ Pn \ 

kr _aK a+dl2 log k \n a+1,2 J 

(2'3) 

a ^ feiR m | fwj 


„a+i/2 

(2-4) 

2 p <oo 
r n 



felt # feF’T'fedr 
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"<* *'>“ £ I *W I *-0 (i^j) (2'5) 

at -£<a<£, j3>— J % fi# feft (2-1) X= + l TC S-^TWfte I 557# ft? TT^-TM gfef?E| 
|5S ft STstfcT 

J* (1 ±xf^ | f{x) I dx< oo (2-6) 

fetT ft I 

sre^a sm if f*r i$r sriaa^r % sraraa ^ stira fas afef at 'gferc fett ^ rm^a 
aaTaraataar % fe% aat % srira 2 % aaa ft i ana fa ffeafefea rm aft fes arra i 


3 . sita 

araT { p n } tr^ qat arcafaa 3Rm sra^na aifa^r | % 



/ fa+3/2 \ 

>P(t)=0 yjr-) r=lllt] 

(3-1) 

OTT 

n " m ~° (log,) 

(3-2) 


at p>-i, % fcnt mt (2-1) fa*g jc=i tt *wi4wftr (N. p n ) | asia fir qat- 

qfcr si(aa?a (2-6) *Pt St i 


4- aita art aarfe % %% Pf*dfafad aafaariarr at s r i a wspar ftft : 
sirffea i [3] 

a , £ anaffer, aigNF aat c fen: srararar at fta aa 


p { *’^ } (COS 0)= 1 


«-«-!/* 0(71-1'*) 
0(n a ) 


~^e^l 2 

o«g0<- 

n 


f4-l> 


2 


*THT 


'3f§T 


xr a/w 2 a+ P +1 v p > p < a+1 ^ } 

N n (jf) — - — £ Pk \i-k P n -k 

* n 


(cos <£) 


n=2 - a -|3-i 


■ T(ra+g-t~ft+2) g 
r(a+i)r(« +J 84-i)- 


2-a-jS-l „o+l 

r(«+i) 
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afro %o ciftfT cT^rr %o fir«r 


In % %Jr 

I N n (cp) |=<9(n 2a + 2 ) (4*2) 

^r«rr 

I AW) | = 0(2^)[P( 1 MK si n ^/2) 2 ' 2 +“(cos 4/iy^P 

+(«“- 1 ' 2 )[(sin ^2) -a_5,2 (cos c/>l2)-h 3!i (4‘3) 

OTq f tT % f?re 5 ht [1] 

5 . x=i qr ( 2 - 1 ) «-=rf snfwq? arFra^r grcr ssrfaT ^ictr | 

s,X i)=2 a +^+ l A„ J*' ^ sin |j a+1 (cosiJ P+1 p‘ a+1> ^ (cos ^)/(cos 4) dfi. (54) 


m: 


3Tcf 

3RT: 


„ r* / / 6\ 2 P+ 1 

s n (\)-A=2 a+ P +1 A„ j ^ sin j^cos ~j P„( cos <£)[ /(cos <£) —4] d4 

„ r 1 (a+1,/3) 

= 2 a +^ • 1 A„ j o F(4) P n (cos 4 ) d4 (5*2) 

*»=7 I Pk ■Sn-i(l) • (5-3) 

Pn £=o 

t n -A= j- 2 pk(s n _ k { 1) -4 
Pn 

~~ ZPk 2 a ’ /3+1 A n _* j' f(4) P^ 1,/3> (cos <£) d4 


= P P(^) AW) ^ 

J 0 

= ( r+ f s + r ,+ r j ^ ^ 4 

V J0 J 1/72 J 5 Jir-l/' 1 ' 


“A -f /*+/*+/* (pott) 
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--3R 


A= r * F(i)d4, 

J 0 

=--0(/z 2a + 2 ) f 1 '” F(<f>) d<f> (4-2) % 

J 0 

-op*-?) 

\ Pn J 

=0(1) 34T 5zff n -*- CO (3-1) cT«TT (3-2) ^T 

5TK, (4-3) ^Tsft^r 4R% <R 

_ (n°^\ f 8 TO 1 P(l/fl dj 

2 1 />« / J i/n (sin 4>l2) a * 312 (cos <£/2)£ +1 ' 2 

rS / <f \ -o-6/t / (AX— jS— 3/2 

+ 0(n“-i' 2 ) f (sm 2 ) ( cos |J F$) # 

-*(*£)!>> ***-*■> C A 

=j 1+ y 2 (*mr) 

•^i ir fraT | 

= [M) • ^) lf + f“ „ W ^{fnS}^=0(i)+/ 1 . 1 


(5-4) 




i ij 

u§x a+3l2 p(x) L d<j> 


gCi+Zli 


/>(*)} 


dx 


rl 

SJ 


-0 (1) + 0^ ^3,2^ 


= 0 ( 1 ) foi /^Lt S 7 r~ =O(l0g ” } 


A ’=0 


(5-5) 


- AP 6 
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gto %o %o %o frpsr 




h =0(' 


wCX-fl/2 \ 

— - • log » j (3 ’2) % 


=0(1). 


smr, / 2 Jr sraiw 


l 1 ^-= « 

■^^LK) + 0 LfVf 

-°(f>" (fJ 11 s T ("*Fb *) 


n (a+i/ 2 ) j 0 g ^ 


) 


0 | (n log n) | 

srk W / 2 =0 n a -i/ 2 x^ ~J^~) =0 \ p n 

=0(1) «-> oo. 

3W (2-6) % ?n^T % qq prcii srp-T^T qr?yr qq; 

/ 3) / 4 =0(1) n-vco 

(5-4), (5-5), (5-6), (5-7) % IKT q%*T yfa: ^Tlfq^r ft^T | I 


(5-6> 

(5-7). 


fa&T 

1- PT, <?T° qlo, sto poHlo «Ttfer, ^IT|T^T? 1970, ys 73 - 9 !. 

2- q#, £r°, sh'o 4«To, 1961 , 85-90. 

3- %tft, #, Orthogonal Polynomials. 3T^ftq>5T q'q^fepcT qfcrtfetTR qs5ft%*T??h, 

1959- 
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TTfTo sfafTCcR rT^T t*ST° «^T° 

qftra finmt, spttot fessfasnsra, 
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HTTUT 

sregcr sm %tsr%f 5 rt sr^rriw srfref B k *’ ° (x,p, s) % smm 
f | 5 T % fi# Tf&fi cPIT tpr fetm 5 PBP q*PT 5 TP<r f%TT 

f=rfw <5n % ^q ir ftfe qqrn; % ott fern sppp q??PT snqr \ 
fgrm ^ppp qgpr %t fast sppp 'e^pt % Jf srenfcr f%rr iprr 1 1 

Abstract 

Generating functions for a new class of polynomials. By A. N. Srivastava and 
:S. N. Singh, Department of Mathematics, Banaras Hindu University, Varanasi. 

a, s, a 

This is the continuation of the study of the polynomials B ka (x, p, s) intro- 
duced by the authors. These polynomials are defined by means of 

B kri ° (x, p, s)=ljnl x- a -v~ an exp (px>-) a T s (x a + p exp (— px k )), 

where 

a T s =x a [.s+x D], D=djdx. 

In the present paper we obtain a bilinear and a bilateral generating function for these 
polynomials, which reduce as a special case to a large variety of bilinear and bilateral 
generating functions. We then extend this bilateral generating function in the form of 
mixed trilateral generating function. 

1. STCcnspTT 


W5TT ir 
w | 

1 ^a% 3TPT tfr 


tnp ftgj% qqq t fiR [51 5|q?f m ^ ?nrpr 
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tTo tt?to cf^rr t^ro tr^o 


2 > O, a 


Bkn ( X >P> s)—l/nl x a v ~ an exp (px k ) a T s exp (—px*)), (i-jy 
£TCT STtoifad ^ *TfT 


jTj — x a [ 5 * — f-Ar Z) ] , D=djdx. (1’2) 

«W'T*^*gTC ( 1 . 1 ) % 5RT *f f^TTcT 5|T? cT«TF ^T% aprftfor SHffar>r f=rfw ^ 

% *t 5TFcT ffr | | 3 ?Tf^TTg f, 

a > *, 1> (a) 

(^> 0)— Z/^ (.x), 

^ L n (. x ) 5TFfT | | 

■®An (*, p, 0 )=G„ (x; k, p, a), 

^ G n ( x > *» />, a) ^RcRT cWT %prt 3 J % ErfTC I I 

'RT?T 

0-1) qft fir fter *7 if fwr 

5 " (*) = 1 1 l n 1 x- a - v - an exp {px^) a T s (x a +« exp ( -/,**)) ( 2 - 1 > 

^ cwr sm if *pnr 


n a y \ a, 0, 

5 n (x)=B n ( X , p, A:, j). 

3W f?RT <R i^ETR 5PT 

$ (JOo «! (* a y a t) n _a j8 

»-o (a+l)»0?+l)„' 5 * W ^ 00 


=x- a ~vy-P-v exp [p{ X k+yk)] 2 ~~ S^L 


«- 0 ( a +l)/z (^+1)« . n\ 

XaT " (* a+ P ex P (-/«*)) • aT s (yfi+* exp {~pyk)) 



TTqj qtftq- sgtift % fsrtT 3^ t^rq- 
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=x~ a ~ v y-P-v e xp [p{x k +y k )\ 2 -j f-P p'+J 

ij 


r< (Y) t n n n 

x ^g +l).usVl).» l ‘ r - 


= exp [p{x k +y k )] 2 L -ry4p p+ij 




a (7)„ r» 
x 2 


n-0 0+ l )» (P+1) «! ' ' \ a 

srt: stt% gfrc tr^- 5 pr; w uto ffrr 

00 (F)„ «! a 8 

„fo («+!)« (J5+1). (X) Bn (>0 fn 




,kj+art 


)i+jni+J 

=exp b(^+J A )] 2 — ., ,, - - (x k )> (y k y 
i,j l -J- 


X 3 F 2 


/v\ / a 4-‘'+^i+s\ 0 

^ H a /’[ a r B t 
(a+1), (/?-pl); 


(2-2) 


a=\ = v, 5 = 0, GUT p=l=k, <TC ^ % *rrfc Ig t#pt 'K5PT *t 

otkRt ff sttctt 1 1 sra ferr | % 


l( m i n )C, w<” 


=(1— at)~ {a+v+am+s) i a exp [px k (1 —(\—at)~ kla }] B m (^(1 —at) lla ) (2’3) 


?HT B n (x) % f*# t*f> fSTP^f srqqr <*i5PT RtHfaRlcr 5T%*T % ^ STRT i 

srita l 

(2-3) % ^rfccT ggref (x) % R#, zfe 
Fq [x, t] ~ F A n Bq U+m (x) t n , 


(2-4) 
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tTo tnTo sffarepr 5RT rr?To qqo f%f 


5TT S B* +m (x) £ (y) tn 

72=0 


= (1 —at)~ {a + v+am + s)la exp [px k {1 — (1 — at)~ kia }] 

x Fq [x(l -at)- 1 '*, y{t{\-at)-'}<i]. 


nr 'Iw-JMKS)* 


(2-5) 

(2-6) 


^ q =T4 g;<nf^r I ark Az£ 0 uref^ ar^r 1 1 

sr^r q?t srqq% 

(2-5) % qm qsr Jr (2-6) % «r§q?T c/ (>•)% fgqr q-R r gqr sir qppr (2-3) 
% PTawtp 5t 


27 £ n + m (X) <J n (y) t n 


77=0 


= S 

72“ 0 


(ZXh)* 


= S A; y' W S 
£=0 n - o 


/ f m+qi+n\ 
\ m-\-qi ) 


£ m+qi+n ( x ) 


= (l-a/)- (a +»+fl'"+^/“ exp pxk{l—(l—at)- k ^\] 

X.| <4 Wl-flO- 1,a ) O' r?(l -a/)-?y, 

^rf% fq srfRwr sqsrqr qft (2-4) # qfFT5tT % fq%R qk 5ft g^r ft qirq fag arfat | i 
fafaRqsrtm 

(i) a=p=k=v=\,TTj 5 = 0 JTTRT qT ^ qgq?T % fafa fsTBTfirftRT fern# SR* 

qtpq STTR ft5fT f: 

C D (a) n 

Tjfo ^ 71+571 ^ ^ 00 


= (l_ 0 -(a + m + I, exp [x{1 ._ (1 _ 0 _ 1/?}] F? [x(1 _ f) _ 1} yW1 _ 0 _ I}9]> 



^ ? r#r % f?nT 
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^f F q [x, n=J o A n L°l m (x) t n 


5T«TT 


, ^ lm<n 
0 )= 2 Ai 

i=o 



^ & m=o ewr ?=i, #<rt ^ f%t*r g*rr «ftaa*m srt strt wnft: *gq* % ft* fe«ntf 

SRSf? wr STFcT ffalT | 


(ii) sr^ l ^ v=s=m=o Ttf q=i <K & sra ^r% qp?f 

G n (x, k> P, a) % fcnr JTRT fTOl%fer 3 r?pp <T^PT ftwr |: 


n f 0 ° n (*’ k ’ P ’ ^ bn W ** 

=(1 —at)~ ala exp [px k {1 — (1 —at)~ kla }] F[x(l —at)- 1 ' a , y f(l — a/)-i] 
F[x, f]=j7 A n G a n (x, k, p, a ) ^TT b„ {y) = 2 (") a; yi 

sra fR- srifr 1 -^T 5RTT7 I 

st^q 2 


(2-3) ft srfq-a qfqqf B* (x) % faq, 


qfe 

eft 


F q [x, y, t]= 2 A n B a (*) g n (y) t\ 

n = 0 y 

2 B n+m (X) o n (y, Z) t n 

n«= 0 




= (1 — at)- ia +v+s+am)la ex p [px r {1 — (1 —at)-*'*}] 

XFq [x(l-at)-u*, y, z {t(l-at)-i}4]. 



W 5t%q q?t 344 fa qff ?t qT Tft SSTtfsp q^ 5|$q 1 q?T eTCf |t | I 
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[To qq-o sft=TT?cf«r 5 T«rr q*T° fftf 


fafw 3 STTh 

{i) srrrq- 2 ft a =p=k=v=l q? j=0 Ttaft TT fft oTFtT ffRf % faft fftHfafet fftsr 

ftro ^fff grsFsr stto fffar 1 1 




<FTT 


co (a) q 

2 L n + m { x ) v n ( y , z ) t n 

n -0 

= (l_/)-(«+i+m) exp [x{l-(l — 0“ 1,? }] 

XFq [*(1 — 0" 1 . y , Z «1 -O' 1 }?]- 


Fq [X, y, /]= E 

r=o 


q ln/ft 

a n O’, Z)= Z 

z= o 


An Lq n +m (*) &nOO 


vfik 5TO Tf^r 4 q= 1 € gft fft ^ ffM % 37*17 STfFft % 15 fSTTS# T^FT 3F 

WT 7 5 TP<r ffaT I I 

^ftt cTC^ 41 7 ^ 73 ^ff An qft STfcfi 4T7 5T5FT f7 spf fsp^Tq- SffTSf % fftft 

fftfftsr sr?k % feq-m fft«r fw?t «fpp tfft strt tr; g-^rf 1 1 


fMht 


1. =^3^ff r q^o %°, Bull. Inst. Math. Akad. Sinica, 1977, 5(2), 323-331. 

2. 3-fr, sfafto ^To pdo HTWHo (ffeTT), 1968, 34A, ^ 1, 87-90. 

3. %Tl=iiW4, q^o qiTo ?rqT %° 'ft' 0 , Ann. Mat. Pura Appl. 1971, 40, 345-353. 

4. %° <ft° q=4° qqo, 5Ro ft*o, 1972, 42(3), 755-62. 

5. sffarare, q° q7° ^rr fftf, q?io qq-o, (sfda) 



50 


froftro ftr«r to froter *rnt*r 

frrfpf if ■§!% ’FT ?f?T TO TOTfer TO STRlf^T sflTOT TO% TOTOPf % *F®RJ if,.. 
% cjTT^fypp TOT? % J l TO PT % fTO? if ?f ? t ^ ^TORST | TO ST^cT TOT- 

IPT 1? ?«p? if fa^ci 'JiH+RT 5TTH TO? % % TOTOT fTOTT ??T I 

SHTt^Tr^ 

5iwcr srs??? % fror i*p ^fte firgt =g?t nf i f?% ?!% TOlT^ro % frorogf to? 
ir tnp? ?ff i firgt % ?Hto to TO?T?fTO 5 ??? Trre?t l ^ f?*f to t:| 

| I ?STO I f% ?TOITO #?T ?T?T TOT I I 

TORlt 1 


tott? faff % ^fror ttHtop tt? TTrogfror ^topt 


Tt-^r 

CaC0 3 

TO?f?gr 


^Terssr 


f?f?ir? 

2%TO 


0/ 

Jo 

c 

p 

Cu 

Fe 

Pb 

% 



% 

ppm 

ppm 

ppm 

ppm 


7*6 

0-6 

0-864 

27 

0*88 

4-8 

0-5 

21-7 


TO?fTO? W % gtg TO? fTOt F%: (A) TO?ft?, (B) <fte g-qr (C) TO?**? 1 
f?fTO? toto? front ?f 1 tot TOrfror #50 (Pb) qft ?t?t git to? rorf if % ?ro f?qr 

TOT I I 


TOt gfa TOTO? 5TTOE TO : 25, 50 TOT 100 ppm | ^?r% frot ?rf?S TO 
f?TOFT TOFfR TOTOCt if 100 TO? f?ft % TO? TOgTO TOTO fFTOTO g^ff git if RsT f??T 
TOT I TOTOlt 2 if TOTOff TO fTOTO fTOT fTO | I faff qff TORT-TOT? TO STOpT TOT % fTOTOT 

frorr tot i tot tototototo to, 15, 30 tot 45 for to?, #rof Jr ir faft % ?*(% 2?gr fg^ 
to sfk to| tototo, #1? to% feim % fro srggg iron to i <rt-q? % frofa? 15 g«rr 
45 fro to TO-ott-TO?? Rt-qro tott stot fro gif 1 torto ?tir to frofror roftf??? i feflfe 
frororV it# fMroft? fafsr to argror? grot g? fro? to i to? fr torto ?tg g?r ?t?t to? 
git ?t it 31 

Tft’Tim cT«?T fe%rRT 

TO?fg^ TOT? TO TOT? : ftift TO t^TOTT, qfe TO TOTtT? % TO ^ 15 

f??f % TO ftft ? ^T^R£T TO? TO TOT ? f fe TTf frog TOT-TOf ^ ??% qsgr gf, 
?TO®? TOT Jf "gT? ^TT TO I TO?fHgT TOT? ?T?T srflr^r ?t, 3TfgRT 

TTtTO TOTO? TOT if TO |TO I TOTO TORff if ? Tgqjf? TOff?4? ??T?TO?f JTgfcT |3TT I ?ff ' 
to f% frogT % tff-TT? ^ Tfrog? |3 tt i 



swt ^rflsr. 
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?TTW 2 





15 

fafow 

Pb 

ppm 

for 


30 

r rvr- -v 

for 

45 

rv-.rv.-s 

for 

_ TT 




pil rM+ih T^Tn+iH 

Fe Pb Fe Pb 

ppm ppm ppm ppm 

pxi 

Fe. 

ppm 



1 

2 

3 

4 

5 

6 

7 

8 

9 

1. 

faff (fom) 

0'50 

4‘8 

7‘6 

0‘50 

4‘5 

0-50 

4-2 

7*6 

2- 

ftrff+o-5% *prt?r 

0‘66 

7‘8 

7‘5 

0‘66 

7-5 

0-60 

7-2 

74 

3- 

ftft+i-0% 

0‘83 

23‘9 

74 

0‘75 

22-5 

0-66 

15*0 

7'2 

4- 

fit|r+ 2 -o% 

1‘00 

25‘9 

6-9 

TOO 

184 

0-91 

14-8 

7‘0 

5. 

ii 

+ i*o% Tte 

1*16 

10*2 

6-4 

1*00 

5-3 

0-66 

2-8 

6-1 

-6. 

ii 

+ 2'0% Tfe 

1‘66 

11*0 

6‘3 

1‘50 

10-5 

1-16 

3*8 

5-9 

T 

ii 

+4'0% >fte 

2‘16 

33‘5 

6'2 

2‘00 

26-7 

1-60 

14-0 

5-8 

'8" 

11 

+ ro% 

1‘83 

3‘0 

7 '4 

0‘66 

2*5 

0-60 

1-8 

7*0 

9- 

ii 

+2'0% ^pfte 

1‘50 

3‘9 

7‘3 

0‘80 

1-6 

0-75 

0-9 

7*5 

10- 

ii 

+4'0% 

2‘16 

3‘2 

7‘2 

1‘83 

1-8 

1-33 

0-3 

7-2 

11. fir ft 

+ 25 PP m Pb 

1‘83 

6‘5 

7‘5 

1-83 

6‘3 

1-66 

3-00 

6-3 

-12. 

ii 

+ 50 ppm Pb 

3‘83 

3‘5 

7*7 

3*66 

1-5 

3-00 

2-1 

7‘7 

13- 

ii 

+ 100 ppm Pb 

4‘50 

2‘9 

7-0 

4‘33 

2-8 

4-25 

2-1 

7-0 

14. 

ii 

+ 25 ppm Pb+0‘5% 
*ffor 

2'50 

21‘6 

7*4 

2‘33 

20-7 

2-00 

20-7 

7-1 

15- 

ii 

+ 25 ppm Pb + 1'0% 
*prf?T 

2'83 

21-9 

7*2 

2‘66 

20-7 

2-16 

15-0 

7-2 

16. 

ii 

+ 25 ppm Pb+2'0% 

3‘16 

28‘3 

6‘6 

3‘00 

27-5 

2-50 

18-0 

6-0 

17- 

ii 

+ 50 ppm Pb + 0‘5% 

3‘90 

17-9 

7-6 

3-91 

17-5 

3'66 

13-9 

7-3 
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ftfspftow fir«r cr^r firCrsr 



1 

2 

3 

4 

5 

6 

7 

8 

9 

18- ftfr +50 pprn Pb+ 1 ' 0 % 










4-00 

18*7 

7*2 

4*00 

18*5 

3*00 

18*0 

7*3 

19- „ 

+50 ppm Pb+2'0% 










4*16 

63*5 

5 '4 

3*83 

62*5 

3*00 

47*0 

6*0 

20’ „ 

+ 100 ppm Pb+0‘5% 










4*66 

23'9 

7'2 

4*66 

22*5 

4*00 

15*0 

7*4 

21- 

+ 100 ppm Pb+l-0% 










4'66 

65 '5 

7*2 

4*50 

60*0 

3*91 

47*8 

7*0' 

22- „ 

+ 100 ppm Pb+2‘0% 










4’75 

73'5 

5*5 

4*50 

67*5 

4*16 

57*5 

4*9 

23. ftfr +25 ppm Pb+ro% 









<fk 

2*00 

9*2 

6*6 

1*86 

7*5 

0*75 

1*1 

6*3 

24. „ 

+25 ppm Pb + 2 ' 0 % 









qk 

2' 16 

14'6 

6*4 

1*66 

14*4 

0*90 

3*4 

6*4 

25- „ 

+ 25 ppm Pb+4'0% 









qk 

2'83 

35'0 

5*8 

1*83 

26*7 

1*00 

14*0 

5*6 

26- „ 

+ 50 ppm Pb + 1'0% 









qk 

3*91 

8*6 

6*7 

3*75 

5*2 

2*83 

1*6 

6*4 

27- „ 

+50 ppm Pb + 2'0% 









<rk 

4*16 

18*7 

6*6 

3*66 

13*2 

3*50 

5*1 

6*2 

28- „ 

+50 ppm Pb+4'0% 









qk 

4'33 

14*2 

• 5*8 

4*00 

13*3 

4*00 

12*5 

5*6 

29. „ 

+ 100 ppm Pb+1'0% 









qk 

4"66 

iro 

6*6 

» 4*25 

8*8 

3*63 

2*4 

6*1 

30. „ 

+ 100 ppm Pb- 

r2"0% 









4k 

4' 75 

26'3 

6*2 

; 4*46 

14*1 

4*16 

5*4 

6*0' 

31- „ 

+ 100 ppm Pb + 4'0% 









4k 

4'93 

35*5 

5*6 

4*46 

30*5 

4*00 

17*7 

5*2 



tfterr q?t ^qrr fe ’-. 
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1 2 

3 

4 

5 

6 

7 

8 

9 

32- fagt +25 ppm Pb + l'0% 










qvtqte 2‘50 

3'3 

7'3 

1 '75 

2 '4 

1'70 

0'7 

6*5 

33* 

31 

+ 25 ppm Pb+2'0% 










qnqtR 2-83 

2'5 

7'2 

1*66 

1*7 

2'00 

0*4 

6'6 

34. 

11 

+ 25 ppm Pb+4'0% 










3'oo 

2'1 

7*0 

2'33 

1*5 

1'83 

1*4 

7"2 

35. 

11 

+ 50 ppm Pb+1'0% 










qq%£ 3-90 

I ’88 

7'5 

2'83 

2'6 

2'66 

0'3 

6'6 

36. 

31 

+ 50 ppm Pb+2'0% 










qrrqte 4'00 

3'3 

7'3 

3'50 

1*7 

2 '00 

1*6 

7'1 

37. 

13 

+ 50 ppm Pb+4'0% 










qrrqfe 4'16 

3'0 

7'1 

3'00 

1*9 

2'50 

0*3 

7'2 

38- 

11 

+ 100 ppm Pb + 1'0% 










qqqte 4-53 

2'9 

7'0 

3 '50 

2*8 

3'35 

0*6 

6'6 

39- 

11 

+ 100 ppm Pb -4-2-0% 










q^M+i 4'66 

3 '3 

7'2 

316 

1*7 

3’00 

0*6 

7'2 

40- 

31 

+ 100 ppm Pb + 4'0% 










qnqtrc 4'80 

2'2 

6'9 

3'66 

1*5 

2’83 

1*6 

7'2 


^qqjsgqftf qr srara : qf 1 1 % fo|t *t ?fraT q?t arfkqr *tptt fo?n% % ^q-- 


qt®sr qftf # qm q^qt | f%sg qfe qrRfqq? qqrqf % ?tt«t ?ffqT fqqnqr w eft qq% qftf 
q?t W!m PiH.fq^ ftqt 1 1 w % qrr^r qft w ^t^it *r qnrt anf i ?qs f f% % 
qrrcor ^rssr qftf qrt qm smifer ftqt 1 1 

^tt qqta ffaT | qqqfqqr q^rq forrq ?r fqgr t *r sm qfr srffer^r jtt^t ^fa q 
fqsqrfw ft qqft qqffq; str^t *f COOH, wfc cr«n qqfrfqq? *ppf , fan# s n^ft^r qft 
qferenr Tfjft |, sqfera' qfq | qnrq f%£t % affaq^m *ftqr fqcqrprcr ftcrc | 1 %f%q 
^rqq % snq qrr#w qqrqf qq qqfq srm\ tfrgr ftcrr qrar | srh: ?ft*r % qrq sr^q (*rt% % 
qrR^, qji7%7 q*rr sste) qqpr qT% 3r^ff qq qraFq ft amn | 1 ^q^r qftf % q+t qq 
qrnqr sft qqqftqr sn^ff qq q^qrqq 1 1 *pfcr % qq^q qr^q *f ^ft % co 3 orqtft | ftrercr 
qt-TT=q- sr arraT | q^qq^q qftf qq fqqrqqtqRq ft?rr 1 1 qrc *r qqq % srpq qftf qrt qm 



54 ftppftw fasr WT f*TCt9T TI^T 

sirO - 1 1 #?rr % ¥rt% % # *nm Jr 3 <rt 'rforaq' ^rff ftar f^prr % Tpffar 

t?t 4 % frraift % i 

Msr 

1. ftqw, f° t^r° %°, *R° HTfH i'Hio, 1964, 10, 129 

2. f^nr, tro i^To, SSTSo qfao, 1962, 42, 87 

3. tier, fo sfto, Colorimetric Determination of Traces of Metals, fefttr 

fE^nW 'rf®5T° ^pRF, 1950 
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<sto <fto mi sTto %o 

hf'Hd f^RT*t, 3Tlti t pl5 ^Tt-TSI, 

[ STO — SERd, 23, 1977 ] 

stttct 

^ *wfe7Jj arfe m^rt qq G-qiqrn f , fenfe fen *nrr f i qtfew 

5rra w^r ^nffevff % fflwz ^rraff % ^q ir qit 1 1 

Abstract 

Ao integral equation with Meijer’s G-function as its kernel. By S. P. Chhabra 
and B. K. Joshi, Department of Mathematics, Government Engineering College, 
Ujjain. 

An integral equation whose kernel is a Meijer’s G-function has been inverted. 
The solutions of certain integ ral equations given earlier by SrivastavaW, RusiaK), 
JoshiW follow as special cases. 

l. srcanmr 

rr fo r fe f % qRpff *ptrrt ^pffeoff qq arsqrraT qq few 

gn ^n ^ i srqq 5r ^ *nffe7T, fefe arfc Rferc: % G-q^nr % ^q q |, fepfe 

felT rETT | l ^ftqr G-qRPT SRrTRT STlfe | 3RT: 5fT^fr % fqfeSfe? 1 ! 5T 

qfelTrr ?r qtf 5TT5T qRT Fiqxrtd I I 

sr^ct sm qnr qfemr ?rar f%f l4] % srra mvm fenfefe' few 

qsn qr arraifer | 

J* xP-\l -x)P-i m F n [a m ; A,; cj(l -x)] g£ * [xyzj°^ dx 
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tr^o qto am at° aW 


ff (aji r)r(j8+r) (cyY 

CD 1=1 k, t+1 

£ — Gp+ 1, ^+i 

r-0 n 

n (ft; r) r ! 

J = i 

a m am p n *r stma: mrnff % tta^aa o,, .... «m ^ Pi> •••> ^ ^ fT I 1 ^ 

mrg; frar aFa m<«, p u ..., p n % § ^ ^ ^ T 1 ^ * t*» ^((£)>°> i?(p+6y)>0, 

j= 1, 2, ..., fc; />+?<2(fc+l) am I argyz |<(fc+l -&>--&)». 

§a famrfw a%aaf m aaata sR^t 

au , »)-(«-<)'-■ 4; j («« -o/j“ ;;;; £) (2) 

g(v, m)=(v-w)M m F„ [a m ; j8„; c(v— w)] (3) 


/ 1 1 P> flj, •••» > \ /■«>. 

K r M-^VJ (1) 


n (a ; -; r).T(0 + r) 

A(v, f)= f — . c r (v-tY+P+r- 1 

r—9 n 

n (ft; r) rl 
i- 1 

A, /+i 


x CK?mXh) <4) 


2. mfcR<a 

|| /(«. *¥(«» 0 du=<f>(t), tel (5) 

me Frara ^ amara a^ Ttara aa tt farm mar 1 1 

l={t; a > o star | am <£(0 aa / % stFa afrarfaa famr mar | i a^ 

aPcmfaaa f%m mar f Fa 

(i) m<« am p lt ..., p„ H Frf f it str w g;mfm afT |, R(p)>0, R(p+bj)> 0, 
J ~ r ~ 1 , >.*, k am p -j-^ r <e2(^-j~ i)a 

(ii) <£(i)=o am 

(iii) ^'(0 / % srfa aaa 1 1 

afa a afama | at (5) aa frar 


( 6 ) 



srfe iTT^n: % G-qqq qraT trq qrqTqrq 
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sqqfrt 

(5) % qTqqsr ir (6) q «/< (u, t ) % y^tifad qrq qq xm qr qqr qqrqqq % sbt 
qq ^ t qqfi qfcqqr % ar^nra tq | 

3{q qq w— r=x(v— /)=^ qt 4?qq qq 3)r<^f<q ti-H qrr qrq fqq>rei% tg 0) ^q 
qqqtq qqq xx 

7= -J* cf>'(v) dv—<f>{t). 

&rx (i) % sr%q?q m <^ n qt qfe anqsqq ff eft m F„ [5, p. 73] % srfwOT qftfer q 
-qSTtfaq fqffT qr ?RRT | I 

3 . fqfw ghetto 

(a) k=\—p=m=n—c=\, q=2, z=\ 733%; j8 3% 8, p 3% ft, a ± 3% 1 — a, bi 3% ^’-3, bz 
qrf l— j8, ai 3% y, ft 3 % 8 % qfeqrfqq qq% tt=) (7) qr qqqrq q3% qq 5 Midi«M [li qr 
5ncr qq snqr fRrr 1 1 qqtq, qfe ^q ift qt m*, „ % ref % 5 j ra> 4 ^’ 1% ^faqT^ srrr 

<f] qf q%q l srTqr |tqr 1 1 

■(b) k=\=p=m=:n=l,q=2, \c——/j.z=p\l{iJ‘—X) <<sM, £ 3% a— ft P 3% ft a t 3% 

1-a, ft 3 %^ *■ b 2 ^l-p, a ! ^a-a^i^a-jSlRrqfeqrfqq^tiq (8) qT qqqR 
qqq qq qfqqr [2 i grtr surfer ot 2 snqr frar f t 

*rqiqq gq [6, p. 402, Eq. 3] qff qff | I 3f8PT q*T % #RfT ^ 

i f i q?r x f, (a; cr^-A) q frqq x ft (<7-a; ff; M-A) fm qrf|q i w qqfaq % irw q 
H(v, t ) [2, p. 352] % sqqq 3% q] qftqfer f3RT 3THT RTf^tr I 

■(c) c=0 %% qq (4) % qfsm tst % qqqr qq, qqq % srfqfe^, fr «rqt | sftq 

wqqT qqr qqqrt 7 ] qT qq qqq ftqT 1 1 

jq: qfq fq l=p=z=l, k=^q=2, P=-A -*, £=A, a^l+fc, 
b 2 =^-t-(x #' 3rh; G-q>qq qt ,| 5^r iT RP*, qq ?f °qq> q>q qf fq qq 

qfc?rra qfwq qrqr |tqT t 

^ sqn t Wf frqT f? q*r l 6 - P- 4 05, Eq. 21] 35^3 | I 5fa°r ^ q ^ 
3T%f^B 5»qp exp (ix) qr fRT qTffq i q^q: 3fr?m 2 ] zm sxm ■/'(v, 0 % qftqfei ^q 
^ fqrq qqqq frqr rt^t ; 

AP7 
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qfo 5t° %° sftsff 


>p(y, 0=[(v-/)' A ~ 1 e 1,2is - t Wk+ x , p(v-t) l" 1 . 

(d) lc=n=c= 1, l=p=q=m=2, z= — 1 T^nt; jS S-p, a, qft 1-a, a 2 ®frt 1 — jS, & x 
37 fpr, b 2 3Tt 1 -p, ai 37 S-a, a 2 37 3-/3, jSj fit S-p tt Srfe«lTf77 37$ 7«Tt (10) % 
37 $ it fir (5) 37 f?r f7i7fe%cr ¥8 if 777 ftaT | 


>fl(U, t)— — 


m 

mns-p) 


r 1 g(y, u ) 
)uK v > *) 


<f>'(y ) d v. 


f(u, t)=(u~t) a ^ 2 F X (a, j8; p; u-*) 
g(v, w)=(v-w) s -p-i 2 F X (S-a, 8—p; 8 -p; v-u) 
h(v, 0=(v-0 s " 1 (l-v+/)«+M 2 ^ [a, j8; S; (v-f)(2-v+/)] 
?wt snror 3*r % srRr^r (i) % ^tpt tt 0<R(p)<R(8) ft stttt 1 1 


4. Jiff fir ir ’nfeff 37 sfern 7 t| f few 377 $ sr-rimr 3 if ^ift 

% snig- 3n$ if fen jrt |: 


(a) Tfe £ n eft ^ n ft 7 3ftf sfer ft 77T x 7F7 ft, eft 


x 

J= 2 

n= 0 


(y, ») *” 

(ft n ) «! 


lft. ( a > x) — (a-|-y: f}', x). 


(7V 


333% 


J = j? S (y; n) (a; k) x "+* 

n= o k- o rt! (ft n ) (^+w; &) 


= Z Z — — — — (~ n; Q — 

»=o A=0 «! k\ (jS; «) (l_ y _„ ; ^ 

smerfer ^ift 3?t 33?fer 37 $, imr 5fer [SJ 37 febr 3r$ 7*7 s^feerr ^ ^ 

r S ( a +y; n) x" 

«=o «! (ft ») ; 

feit (7) Jfrt TOT ft€t I 1 

(b) nf? (i) o- ir eft ^3 ft, 7 SOT ifeT 

(ii) X 337 y fe 7RT *P°3T3 I % y^x eft 



3ffe *TTf5n: % G-qftH 3T5TT TT^r TPTT^?! gTfl^JT 


59 


„ oo (<j~a\ri)y n 

/= „f 0 ~^Tnyii\~ iF i (a; °'+" ; *) =e * i F i ( <T-a >' ct; f-*) 


( 8 ) 


3Tfr <rt *f ^ if §*rc % sw ^pr [5, p. 125] spt ^ ^ srcrrfcr re 

T— X v y (o-— g; «) (g— a+n; k) j>”(— x) fc 
~ * n=o *=o «) (*+•«; k)n\ k\ 


=e* 


CO 

2 


r l_r_2.L”) (~ n ’P 

1 0 (o-; n) nfk! 


y” (JCM 4 


iF 0 (a; — ; z)=(l — z) -<J 
sq^fT^: qx tp^rt (8) fRrr 1 1 

<c) qfe (i) S q <at 5pr ft q ^FT 
(ii) | c ]<1 ePn | X | <1 ; eft 


( 9 ) 


J_ ji (8 - g; n) (S— JS; n) c n 


B“0 


(S; n) nl 


2 F x (a, jS; 8+n; x) 


= (l-c)“+M 2 Fj (a, j3; S: x+c(l-x)) 


( 10 ) 


t3qqfe 

^r*r tst if ^ if s^r 21, [5, p. 60] *reppfi tPrr asrfer pt: 

t y y (8-g;/t) (S-a+w; A:) (g-fr «) (8-ft+»; A :) x \S-a-p+ n 

„t 0 A (S;n) i8+»;fc)u! *! v 


=o a (8— a; n) (8 - j8; n) (-«; A) c B (l _*)*-«-P+i*[-x/c( 1 -x)] /; 

r= n ?o,5 (§;«)«!*! 

•3TreffcF ^<jft spf Tppfer 5Prr (9) ^rr qx 

7=(1— x) s - a -P 2 F x [5— a, S — jS; S: x+c(l-x], 

srifir 21 [5, p. 60], 3rr 7#i % 3i%r ^ (10) sft srrfer 1 1 
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Au f ITT ^TT % % f^J^T 

*TT ^TST^T ff^T % 'F^ff % 5 T*mr 

o c\ 

%o <fto f?RRt, 3 T 5 TTfT qT^S 

%o fqqt^T 

^nqq fqqm, i^nftaiK fqqqfararaq, fH^rar? 

[ 5TTO— feTRT, 7 1978 ] 

HTTTST 

?r*il3RMq q^'Hxqqr Au srt stttt % tfeqr strt % ^nqq "K qfqq sfcsqq % 
snwf^ ^q ^ 5®fr % qqfa fq^q % smq qq srsqqq fqnrr w | srk qf qraT qqr f% 
w q^ftq fqsqq *r tfeqr sr^r % qqnqq *r qfe q*?r ?rq?nr 1 1 

Abstract 

Influence of aqueous extract of the flowers of Madhuca indica on lactic acid 
formation from molasses by lactobacillus bulgaricus Au*. By K. P. Tiwari, Ashok 
Pandey and P.K. Minocha, Chemistry Department, Allahabad Universtiy, Allahabad. 

The influence of aqueous extract of naturally dried flowers of Madhuca indica 
on lactic acid production from molasses by Lactobacillus bulgaricus Au has been 
studied and it was observed that it causes marked imcrease in the yield of lactic 
acid. 


smr sfteiqsff rrqf tri^Tai H % fcpi fiffifpr tarrfir^f urr faftw 
% 5 PRFT HEPR f%^r *PTT | (H?ft Ipf 3 TH [1] , ^FT ^TOFT# [2] ) l TOST- 
7 TRtT 3ftr [3 - % qrpTT f% % sfrsff % HefPl if Ho B-l 

srfesRnr ^ qrf srfa 1 1 t^f ^r% [4] f ^tftt f% otet % m 

srftm ho sr^fft^r % ^tcff | \ 

srntfcm Au h fowm w i 
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%o <fto fcr^rfr, srcffa? crer fro %o firmer 

sr^er qq if srqmTsff sr, u^t sfeqq (tt^t) % fqf % HHfa fasw' % srmw qq 
3rwh wtrr Jr h° g?ufjqq? Au srt #feqs stth % fqrcqfrqr tt ferr *rt 1 1 

sr«r>mc*TWJ 

fff^I % 150 g 'PHf HT ^TT ^ srrgg HH (400 ml) % HFT ’TRT f%HT 
J 3ftr fa^HTH qq eSFRR 3^^ 4 ? T fJmT I 

1080 g ¥RT 4?T 3T HRT 3JH Jr STITT fan Ml "FT 54 «ki«k SUrff Jr HTST sflq; 

^ ^ 250 ml snforr stth ththf Jr Urt i ft J* 15-15 THTTqrf % rfto 

TTff ^TTT cf«TT sr^qr ?TT[f qrt 3-3 THIFFT % qRT Jr fawlfaRT fqrqT I 9Tq g% 9 

THTT# q?T TTT?T4T-qHTT4T HHTRT I TfH % qfq# THp[ % THTT^T if jf^TH: 2, 4, 6, 8 srhr 10 ml 
facqrq-' stht i TnHqT-qHrrqff rr%r rrJr qHrrqrf qrr srraqq 3ngcr hh fJr~rrqR 100 ml 

^ %^qjt^|%qrr^%^qncHf| 151b % gr®r fr tt ant ^ 

TsferrfH j%iiT 1 

qnitqTf qrr £§t ft hr qr qqir Ho Au % qffaTH hi% h«tt 47° qq; it^ 

HCFTT-^r if R3T I l+uq^-qn'H if THTTqrr Jr CaC0 3 Ht qtft-mfr qprr 3TH4R 3 A% fan- 
^ff qrr HRRWR (pH) 5 ' 8 - 6*0 % sffa ft«R w 1 2 , 4 srk 6 for q^I^Ff Jr 3 ?qT- 

fa?T #feqr 3 TRf cRT H=qt gf 5 TqRT qq fa?%qir Tfa 3 TRTPT r5] 

f^faw rfa H^qqff C6] ) ferr 1 


Tfr^IFT cTEJT fa%rRT 


Hf 9 PT fff^qq % cpff % Hoffa faRR qq #feqr ap^r fqrRq qr srir 


sOT 

sferr 

sToTtor fqtqrq- 

qq qmr 

4 >m (fer) 

ScqiRcr #fajqr sr^H 
(g /100 ml) 

(g /100 ml) 

1 . 


2 

roo 

3-29 



4 

1-52 

2*70 



6 

1-95 

2*26 

2 - 

2 - 0 ml 

2 

1-02 

3-27 



4 

1*58 

2-65 



6 

2*00 

2*25 
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3. 

4*0 ml 

2 

1*12 

3*16 



4 

1-70 

2'54 



6 

2*18 

2*06 

4. 

6*0 ml 

2 

l-io 

3*17 



4 

1'80 

2*44 



6 

2*20 

1-98 

5. 

8'0 ml 

2 

l’I8 

3'10 



4 

T66 

2'57 



6 

2-20 

1-95 

6- 

10-0 ml 

2 

roo 

3'29 



4 

1'38 

2'87 



6 

243 

2‘06 


f5R$m % 5 tth qfwr wfi if ferw nir f i *nw % arfspff |w|fe spgfg 
fWf # *rwf srakr^ tfTSsrraf tt tfep sn^r frt m^r ’tfpp-itft It srfsr^r 1 1 sw 

srfir^ yc'Ti^r ^rIpt f^j;>f % 6 ml srk 8 ml # wte^TTsff tt |3tt I sft fo f?r 

spfor 4?T 50% 1 1 


faf?t 

1. ST«rt, q^o cisjT $°, fasta nfaTS* Vo ^Tf5to, 1959, 50, 264-275 

2. <*>fa, q<?r° cwr $m$, stro, i*rao 1955, 18 (1), 36-52 

3. TOWft, sto cRnff^fr, qrro, qtffo guito %*<>, 1970, 34 (10), I580-1583 

4. 4ftw, st° q*r°, Prcfator, q?r° f° ^rr #p, q*r° ^o, crcsnss mpftaroto, 1968, 

16 (8), 1220-1224 

5- 3TR3R, q?T° ^t° sT«TT 55?To trqo, %o aiufrto %^to, 1941, 138, 535 


6. fsffairer, q*r o , %o ito, %o% 0 , ^rst, fro qo a^rrf^Tsr, qqro, q*nfao 

1956, 28, 350-356 
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^Tfpi 

TOo t^To ipn 

smtotraT, ^ftcfi^T^T ferR srtara 

<r*TT 

f o WT 

O O VC 

qto TTHo Q\o IRTCTcft fRfc 

[ STTfl-spfgr*:, 13 1978 ] 

STCTST 

iTerf^rr sftqfeff W ^ftrtf^Tj ffttri? <wfki^d %■ spt wr *r L2 

-ERTcTT | fo -MKiydr ?T t^f STR^T % 5TT5r ftdT | I # jfe 

3RT55 ( ir ) % ^ *Pt *lf | I 

Abstract 

Chloroquine-cnpric-chloride complex. By S. S. Gupta and Ku. Kumud Gupta, 
-Chemical Laboratories, Motilal Vigyan Mahavidyalaya, Bhopal. 

Chloroquin, an antimalarial, forms 1:2 complex with cupric chloride in alcoholic 
■ solutions as indicated by conductivity measureaments and analytical data. Structure 
. assigned is supported by ir spectral bands. 

cwKifew <rcp 4 -srfipfl- f^rer thfw t 7 ^rtrt -4- (4 

g^ppff _j_ s^fer-srpFft)- ^ftofpT % Ht-T %■ 'dmd fr 1 sng3ft % ^'■dTh otfeivr 
% ?ffwf % ®rsmpr [1_6] stfT ^ fl sregcr srem ^ ^nw *if*r 

•^rfwd- fifTJTT wr 1 1 

HN _ CH -(CHj),.N(CjH 5 ) 1 
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ITtfo TT^To cT^TT f o 

SW>TTclT^ 


tfjar 

(sr) ^TRtf^T (O'Ol M) gRTT ^ffsRT WtTT^ (0‘02 M) % ^TFT=F faSHR 

«rr?: sndwa' ^rrkTT sw *f wtt^ ^ i ^r iftfqVfe 10 ftr° ?ft° few wt 100 Pro 
*ft° 3R7 ?Tf ffew *RT cT*TT 3T|^m STTg ffejnRT % 'cftwffew’ ^T^TWnTT'ft ?RT 
30° tt 1w j rt i sTFTcnr sfefaFT % «rre cTW srrfferc? siwcr fe «rfenrro 

w sfr i : 2 ^ftfrfe?r-^f5RT ?ff?r ^ gfe | (fer^r i) i 



8 12 
METAL mi 


1%cf 1 


( ^) *Rrar fafsr ^ttt ?ft ^t^^rtt ars w ff if i:2 

^ 5^ 1 1 W ^r iftffep g-sTT srra; % *mTfarc> few gm st 

^SgTTSrf (0-005 M OTT 0‘004 M) <TT ^ ^ af% ^ (far 2 ) I 



MOLE METAL LIGAND RATIO 


ffe^r 2 
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fsrcmt ?mfire#5n>t 

q g Ttd fts Fr tg- (snfsm) oti ^fsref (2 ttpt) ^t smr-wr 'rft^ h^\^i 

# STe? *im ^ sfffiT W I yfEfcg cRT STT^ % f^PR =FT TTcTcf fefTR 3> SIR focTRT 

jrt 1 qR*=mr t*r ^t ttr |stt 1 qfr 3 ^ ere? s^r ferr w 1 

tffcT ^T e5HTT cRT sft^n; ^ fW W I Rfa 2'8 TTPT I tffcT 140° TT° T* srq^fecT ft 
^TTcTT | I 

*f Cu, 20-68,; Cl, 22-96; N, 7-04 cm H 2 0, 3-15% SR fl Ci 8 H 2S 
N 3 Cl. (Cu Cl 2 ). H a O *t fefcR: Cu, 20-94, Cl, 23-38, N, 6'93 cRT H 2 0, 2-97% fPTT 

mrf^tT | 


f^SRT 


'Tft’TFff % 3TTSIK <TT q?ft^tf¥R-4ff^ «MI Cl STfcT 4JT, 

q ? fH rpr *ffp?r CS] % sR^q-, trrt ii sro f^Rfacr fom m ?tcrt 1 1 



tt^rrt ^t jfe smrF. (ir) siwr sttt rt ftcft |, fw; cm 

ST^-^lTWt^R srnlw Smn 650 ^ 660 cm -1 9T TTTH itcfT | 1 ^ tTqi «RT SPJ 

^ -^m^ c TT SRT sr’cTT | f*R# jf® 835 X?* 1650 cm" 1 *TC *T6 ^ ** ®tT ftcft 
I 1 *3* ^T fcHRT (log K=6-42) cm cRfETTC ps if^I (aF=-8*5 

f^>%cftTt TTftr TftcT) ?TTcr tw im i 

f?RTHT-lTT t Fr 

%^r jRgsr sn* sterct cm *rnfe*r % ^ **• ^ ’f * 

%3mra| i 
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pro pfo p=|T cT«TT f 0 ff? pit 


foist 

l. prt, pro pro cr«rr siro, qfoo ffcssft %fao tftaTo, 1974, 51 , 549 

2- pr, pro pr°, pr° cwt qfarsr, arR°, sfooffeirc %fao sffoTo, 1974 ^ 

51, 769 

3- pT, PT° pro <rit S^PT, stro, 3Ro fffstr* %foo StfoTo, 1975, 52, 642 

4. pr, pro pr°,Rrftq?r, pro gr*rrq?ten5r, stro^o sffsnft %fao *ffoTo, 1976, 
53, 242 

5. gST, PT° pro 3«TT ^giR, STRo, foSTH qfopt 3tp qfel, 1977, 20 (3), 223 

6- pT, pro p>, fgrft# po prT ^9TR, 3TR°, Htpr p3 1977, 43, 443 

7 . str, qto, pro tfmo 1928, 10, 113 ; 1936, 10, 97 
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r srfasr ^ swtsph 


qo %o cRT grfo q?T0 5TOTT 
nffta spjvmT, arre i'WMiaft 

g*mt ff=| fm^fftsiratr, «tKT»rat 

[ STTR— -SR 24, 1979 ] 

flRTCT 

5T?5?r SR^T ft r ftfftsr RTT 31 % h°F 33faT ®Bt T%T 3RT 3T% +fd4'4 3PP5T 

3 ft ??nqqr 4ft *rf 1 1 sfftftRi fftfsTR: 39irft ftr stir 4ft *if f 1 

Abstract 

Integrals with respect to parameter involving a new H-fnnction of r complex 
-variables. By A. Kumar Singh and Y. N. Prasad, Applied Mathematics Section, 
Institute of Technology, Banaras Hindu University, Varanasi. 

The present paper aims at establishing some infinite integrals involving a new 
//-function of r complex variables, defined by the authors elsewhere [4], in the 
integrand, where the integration is done with respect to a parameter. Some particular 
cases have also been derived and shown how the results obtained by Maheshwari [3] 
- and Samar [5] etc, stand as special cases of our results. 


1. fftnu 


sfrmrRT cRT 4ft STOR-ft ft r ftfftsr RTT Tift tnp H-WT 4ft 
3RTR qfr^TTfftr 4Ttft I I 


o, n : o : IM>, N’)- (J? lrJ ) 

H p, « : q : R : [P'.Vl; •••; CP (r) , <? (r) l 


{{ a p\ i a p ) z " — ' ‘ 

{( bql ) z== i> •••> r )} • 
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xto %o f*rf gsrr 3T? o tt^o srerre 


x 


/ / ir) (r) 

{{c p „ yp}; •••; {(c p M, y'pir))} 

(z) ( i ) , (r) (?) 

{(/«; (£?„ /» )*=1, .... 0} : {(<,„ ...; {(4,,n, V>;} 


x u ..., x r 


- (2 ~y | [ Lr to) to) -AOi, .... Sr) C - */ ds 1 ... ds r . ( 1 .1 ) 


3ffT 


M _ (j) (£) 


(f) (?) 

il m -Sj Jj) 77 r(l-c- -f-y,. s.) 

j=i J j - 1 j j 

— , /= 1 , /*. 

Q (2) (X) P (2) (2) N 

17 +8. *) n r(Cj -y fj Si) 


(1*2> 




(2) + l 


n r (j) 

17 r(l-aj+ Z a : Si) 

i" 1 i- 1 J 

^( s l9 S r ) : t 

9 r (f) " r d) R r (?) <2} 

n ra-bj+z p. sd n r(aj-z a- sfinnij+z u . /, *) 

J=1 2=1 " J=rt+1 2=1 J J-l *-1 J J 

(1-3) 

^ qr cmT ^r% srnt o?=(— l) 1 ^ 2 ; (i) sftafa % *f trff spt tfwr % srgrfi | w 
P (1) =P', p^=p" ^TTfe: {(ap; (ap)i-u — » r)} 3ft [6* (1976)] ^ (a^; a^ r) ) % *T 

*t I straff % sip^r K; ( a i < , )i= 1 , .... T ) («/,; ..., r ) % fair arm (i-2> 

(i) (?) Ji) Ji) (f) (2) . 

<T«TT (1*3) 3TTTO a. , fij y ^ SR* cT^TT ^ 3TT^ dj, bj , C j , ^ , *?V 

tffasT I, fefi spt ^rf TTPT f%JTT JPTT |, E?]*’ TT^? | faff 

-fl srfe qar Si j # 50RT ir EpT ^%cT ft 

(i> 

— 1 5qrf% q? fj s,- % j ^ gtjrqi ^ 

f=l, ...» r;j=l, ..., R 5RT aitfi ferr srrar | I 

sffc srnt 5ww I5 , ■h m 1 f% ^tf J (^Tf 2 .... Sr) % 5^ | «ftr 

J’(7+5s 1 +10s 2 +..,5 (r — l)j r _j — 57 s r ) % it | 

/*-7>/i* >= 5j 2=1, ...» r— 1, fl n = 57 




r after tef ter qq> ater if-qraa ammt aarqm 


.71 


•am 

U) f + lWi-1. ...,r-l, 

^2 — "S 

(_-l srsr w. 

.r qq; sraa pfq? | fate snr ^ lf ... s r ) % p if fafaa ^f%cr qaf ter r-m* gfte fit 

R 

1 1 af ten 5 tt aamr I fa {* > R=2 r ~ 1 jf fa sr-jnxraa !iw % aat a*aa #rr aft fam 

5TT a^aT I (aqaTaam r-m TVT | fate tet an aaT qja ^f%cT qa |) I qf saR teT 
nprp fRT fa R=8 af qaa a qff | fate r=4 (pro i?faan 4 spcf STMT |) nRT W 
i| i pa %aa pm fr fcfaaa pT an awritifa fafaa tear % %aa 8 r-wm fr <l>(s v .. s r) 
% P t ftemTa |; far at r=o % ^r gtef te ar^ fate 5m pft 1 1 ter mate 
-% 3R2T qfaater te faatei am £ 41 1 ftearc *r fter aar 1 1 

after st-aa >r qte Lj tete-mafa srjr qrr | site af srte mpf afp -cuoo 
% -t-o) 30 am farter |> faaa a %4'd pT aT aqp ft fa a ter (j=l, .... r) ■tt-Hl+<? i i 

far fate fifteen mt ante afr site r . qwraf te at srq?rc ®pt grarearq: faftearte % ter qrr 
qamteqrte|i faftemaate afaa | fa te% (teamrl site ate srmtfte tent 
aff 1 1 

srfilCTRnr % srfaam 


mar ft? s ; = 6 ij~w£i (1=1, .... r ) i rfana % nqnrte map % atemr p tea 
far ftear | fa 

| <f>i( s i )••• M s r) Hs* ■•; exp {( - ir/2)F(f £, ..., £•)}• 




(!) 


[ r M (i) 

, .... w=U(i? 3,. \ii D-. 

w-i 

J-i " t = 

r N {l) ii) 

(.2? y,* 1 

f=i j=i y 

r 6 (f) 

ii\)-f ( 

J-l j„jyl!)+i 

n r (j) 

, P , ; 

+ 27 (| Z a; 

f. !)- 2? (1 27 
■> =1 


(!) 


1-1 j-M {i) + 1 


? r (!) 


fi r (i) cij -\ 
V t\ V TT f £• l\ '. 


•4) 


pr qr 3t%qr ?f(oqr5q+" 3T5R crqT | ! (i=l, ..., r) % Site mat ate &1 % spate 

aafp qR fterr mrr 1 1 p arf arnma (l*l) % qra tear % team te qa tea % ^q 
■$r mfB ferr m aqrar 1 1 
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t^o %o faf craT fafo po 


arts 


qf? Ffa, ..., ( r )>F 1 | ii | +...+F, I Sr ! *FT ar^cf .... F r % fat ^ 
F(fj, ,.., Sr) (1-4) snr sjra> ffarT srraT 1 1 ipr ^-w^r (i-i) ^ t q^r 

I arg Xi | <-J-7r Fj, i=l, ..., r. (1*5) 

sfa Jr fafartfa ffar 1 1 


srfar fa wife (i-i) % i%Sr ?rT®Rsr % fa ^ ffawfa 1 arg: <rrsq? 
w^r otr qn: # i ft??: 5ft r ^ ^aff % fair pfasr ffam q?rfa gfag r|T srrar f 
3Tcr: fafarew fafarfaf % gqpr ts fa sprer qrfa if jpr surjit gstr | F(f 1; ..„ fa 
fwHcK sfarfa t arfaq^m fa strt i fat p *th vr fa 



( 2 ) 


P 

- z 

j-n +1 


( 2 ) l d) 

<2; S fij -j- 

j = 1 


J 


27 ( 
j = 1 


(i) 


Q (i) 

- 27 

J= 3 f( 2 ) + 1 




-V« ,„ 

- 27 V; 


P (i) 

T» 


(l) 


R ( 2 ) 


( 1 . 6 ). 


fa V,->0 % fat tptttkt (M) tot fafarfa fterr | ajfa fa fafanffar | fa 

^0' if tfaffar | fa% 


| arg X, - |<1 7T ^£j i — 1> -•■) i; (1*7) 

5RT sqtB ffarr sngT |, ffag x { =o fa wnm fa? ffarr w 1 1 ^ r gfa qfa tf-w? r % 
%tfa fafanffar |3 tt | enrrcrn: tjfag tfar H[x x \ ..., x r \ srt srpr fat fat fafa srenr 
**■ fa i *tf OTOTTfrr t OTrrfqg faur otf gqrgr | fa 

H l X l> “•» *r ]= 0 (I X 1 \ ai ••• I *r j a r), (x x , ..., X r ) % fat ( 0 , ,.., 0 ) % fatfar t I 

3 TfT 


a 2 — min Re (d'P/S fa);y= 1, 
3 J 


M f i\ 1 = 1, 


r. 


( 1 - 8 )- 


JW, fat n=0 


H[ X 1 , ■■; ^r]=0 (I x x jP 2 ... | x r |t), (x l5 ..., x r ) % fat (oo, ..., oo) % srfafar if 


5 J^T 


ft=max Re ((cj ,> — l)/y?^ ; 7 = 1 JV«> z=l, ..., r. 


( 1 * 9 )- 



r sfer ^fr 3i% tnp nsfe H - snrrasr 
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srRw *r arfenTrr % fan fn;ffeB srfan^n ns | sfk m nre 5r nf inn fen nm f 

% ^ %^T%wti^cit^FriTcn|t|i 

^f#T t, ?<HT ft 37fT 3TT nn^TT f fa feffe STT^ff % Sq^tB fafesfam n 37TT 

qfertfan H-'m^ fanr G-n^rnr (n*PRr nrfefa nfeB ^prf % ^en), nrw< % G-wn 
(r=0 tft), >fa nfe r nr gonran £-qnm 3nfa ir nmntcr ft ^rrar f i 


2. ^r s^nnr t fenfafer ?nmfaf ^t ?«rmT ^t srfafr: 


1 H «, n : o : m-, Nn- 
■v> p, g : r : [P', Q ' ]. 


•; (M (r ), S ir h 
; [P lr >, Q tr n 


j {( a p~2> ( a p- 2^ i — ^ ’ •••» r )) 
\~{(bq _ 2 ; (/J ? _ 2 ) i= 1, ...» 0} 


(ap-i+ri («^) i=l, ...» r),[(a p +r; (a^) i=l, ...» r ) : : 

(Pq— i ~'h T » (fig- 1) z=l 3 ..., p), (6^-j-r; (fig ) z=l, ..., r) : {(/ps (Ur fjR ) z== ^> *••* r )} 


/ (r) (r) 

{(^p/j ypO}* •••> {(^pir)) rp(o)} 


tr) (r) - 

* {(^q /5 ^q/)}j •••» {(^Q(r)> ^Q<r))} 



dr 


-~H 


o, n+i : o : (M', n n (3i (/,) 5 N< r h 

■ 3 >5 


p-i, ?+2 : B : [ P f , a']; 


[P (r >, Q ( >>3 


( 2 — ^p— ^t-1+^+^-3.; 


*<i) 


{(V 2 ; tfW *=i, .... *•)}. 


,.(0 , Ji) (i) (i) \. t v ,, , <iK . - v . 

(&q “ 1 “ 0 p_i a p a p-iq ^ ^ •••» r )> {(^j&- 2 > ( a ^_ 2 ^ •••* 0 } * • 

(£) (z) (i) (i) 

(1 (Pg-1 " a P-z) i===l > ( 1 +Vi^ a ^ ; (fiq-i a p ) i=l> r) 




(z) (z) (z) (f) 

(0 ) *=1, O s C 1 i-bq—ap^; (fig 1=1, ..„ r) ; 


f t ff) <z) 

... ••• *•• • yp/)^ ***j {G'pfr)* 7 P (r)} 

{(/ K ; (c/fiV^) t=i, ...» r)} : {(</'„ Sq,)}; ...; {(^d, 0 > 



(2-1) 
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i^o %o (%f cran gtf o Tjrfo srcns 


p q a ( z - ) 

T3^t 2 aj~ 27 bj> 1 ; | arg xi |<£ir V„ V { ^ ( 1 - 7 ) gmfejsrraT 3TraT|5T«T r (0 9 —a p ), 
j - 1 i =1 

M) d) ii) (i) (i H) ^ ^ _ r 

{Pq-X~ a p )AP q -ap ) T& (Pg-x-Op-l) ^ffe * = 1 , r if SZf^R) ^ *Tff | 

^ ftoT f% jrf? sqpr if £r f i sffc p; ^ror err gjf w R % gra 

*PTi%cl 4iT ^rqT ^ir I 


n: 


«. n : o : or', n>) (M (r> , j/ lr >> 

COS {hr) Hp q ■ R . [p , t Q ,J. ... . [pir^ Q (nj 


(!) 


{(ap- il (a /,-1 ) 1 = 1 , .... r)} 

{(bg-i, (P*!!i) 1 = 1 , 0 } 


(Z> 


(fl/,+ 1 - ; (a^ ) 1=1, ..., /■) : : {{c’ p „ y' p )}\ ..., 


tf,") /=1 > -> r ) : *= 1 , .... 0 } : 


O') <r) 

{( c P (r), y p (r))} 

<r) (r) 



rfr 


=i{2 cos (ih)Yyb -1) 27 exp{i'a)A(l-a.-fc ? )} 


o, /i : o (M', iv T 'j 

# ’ 9 
P~h g ■ R : [ps Q'] ; 


(«<'">, jy<nj 
.... [P (r) t Q (r }] 


d) 

i( a p - 15 ( a ^-i> 1=1, •••, »•)} : : 

{(Vi ; O^-i) 1=1, -, '•)}, 


{( C P„ Vp,)}; {(^p(n, y p (,-))} ^(2 cos lh)P' g - a ' p 

Q-.-ap+bj, (fi'-ap) /= 1, .... r) : {(/*; /«’) 1=1, .... 0} 


exp (4«A (jS'^+a'/,)} * r 

(r) ( r ) 

• {(^Qn 8g,)}; ...; {(d Qi r), S^,)}) 

wff o<A<^, o f a p ) *r % ^or^Tfr | Re(a p -b q )> o. q^f 27 

. ^ e-“ 

| nr *re*nr %• 3Rm «tor 4?r » % ^ ^ sft* 1 


(2 cos 

exp {iwh (^ > + a' r) )} 
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3. qfenm (2-1) cWt (2-2) ^ sqqfa 

qferni (2-1) ? 2 tfrt «tt? 3Tt7 % H-?m qfr ^q- q^ tetter (i-i) Jr 
cira> qRct | srk ^rqrq^nr % ?pt Tt qrferfer ^ | *fr qfcrf|n TEm^T % tot ar fire^r % 
qnT>T #«r | i rEPEcn: qferrET [2, p. 300 Eq. (2-1)] %■ TTRpfpr Jr §tr fr qfeiEr (2-1) sttrt 
ffrlT I I 

(2-2) # sqqfe q=t ^fr sepr % qfeqrq [2, p. 299 Eq. (1-4)] % ttbetEt Jr snra qtr 
srrat | i 

4. fMqre ??nq 

(i) R=o, r= l ott (El) t srr% qnr^r terct 3<jtfp a!\ Pj\ y!\ sj'* qjy ^rf qnr 

§ 1 % qt qferEr (2-1) ttt|5WtV sra stpr tetert 133 q tett^t ft ttrtt i 

(ii) ^rrJ H'-qjqq Jr jtet: qqfrt f^f^r^H: ttot m ^ |, jett G-q^R, f^ERR tor 
anfe set: feqq ^qp> feMfeviTf % srt ter qn q-fferfe 51 n*rr fefer % srt stir 
qffeTET jttr fr?r 1 

fcT5Trn-5nqq 

JRSHFTO SThfiTR 3TRo sft° qqqq (sqTfer, TTgcfi TJiq SERfer) STTo PRo PRo 
ssfr^TTcR (fefeferr, q)o # 0 ) % 3TPRK) I fsEffc 3w 5E?R afk TTEEtf fen I 

fefe 


1 . n^rqq, srn:° (Sfer) 

2. PipPT, tr 0) Tables of Integral Transforms, qtq 2, 1954- 

3. q fe fr, trq» i^fo, Math. Vesnik, 1960, 6(21), 283-87. 

4 . srcrre, qrfo tt?to, g«tr fJr?, m° fef^o, («+ww4 ^ivsz) 

5 . nuR, trqo TT^fo, 5pfo ^fetET qqo HtHT°, 1973, 37(1-4), 323- 


6. sq fare rR, PR 0 qq° 5W 'fe, 3TRo, Jour. Reine. Angew. Math, 1976, 288, 
129-245. 



ftfTH qf^r if % t VWVK *ft 5 TT q&t& gp^ q- ^ ^ * 

*fc*ran 3 tw*^.sa*^% w ^ qftsrmr# **&$*** jp,^ 

^ ^ ^ ^ ^ * TB % ^ Sfk f[t 55 TO SHfRl if f%% TOT ET^T fq*T 
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q^fo rr^o JCcTT 

TTstifet fsnfetfer qq qfefrtfe nfifcraTHn. rrafr 

[ STRT— ft 1, 1979 ] 

mrisT 

% w qr% sfqsfe qfent qt trim stm fen qq f i 

Abstract 

Some theorems on convolution transform involving Bateman’s functions. 
By H. L. Gupta, Government College of Engineering and Technology, Raipur. 

Some theorems on convolution transform involving Bateman’s function have 
been obtained. 

1. 

^ferr C53 sfa gqn™ % tpp ?rmq*r 5jjft=K«i 

P K in+i {(t-u)} g(u) du=f(t ) (1.1) 

J 0 

w.j far fefer arfensfr % secrrt fafeq w t srcgn fferr | i fer [61 fwf^r qn 

tjqfer fen 1 1 mnfe 11 % tp? trqfeqr qrr qRwm fen | few nrafer fetn 

qrr q^pr Kl (*/2) ftfer 1 1 srW 4] % nfeffn tetn % qwn Kll (a x ) nfe otiw ?wt- 
% trfeffer qq ps sfer feq 1 1 

tf ra qq ir nnfeqr (i.i) % qfefhrq qr femr [5;i sfk gqn* 31 n fer «pj swr 
few mw fe- qtT 1 1 I fe srnqf qi) prefer 11 ] ark tot 141 % qfeff %■ 5|?q?r 

nff feiT wt sq^TT i 
API 
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tTrTo tT^fo 


2. % fstit f B <ff5T 

#*mr 'Tfw 

f(P)=L{f(t)}=C e-P‘f(t)dt, Rep > 0 
J 0 

f(p)=f(t) sra srefcr i (2.i> 

*si5*rt [2, P, 129, p. 131, P, 175, p. 144] *r ^ ¥ \ snFg- fpfr 


P n F(p)±f»\t), vte /(0)=/'(0) 

= ... =/(«-»(0)=0 (2.2> 

F 1 (p) • Up) = £/i(«) • /.(<-“) du, ' (2.3). 

^ Up) =/i(0 ^ F 2 {p)=Mt) 

(p+mp-ir n -^etL„(-2t), Re(p-\)>0 (2.4> 

2(-l)"(/’-l)V+l)-’ , - 2 =W0 i?^>-l (2.5> 

A”) • (p+a) - ' 1 ^^ -1 e _ai , Ren>0, Rep>—Rea (2.6). 

^ gprra 'w 

(Z)-l )"/(*) = ** £"{«-*,/(*)} (2.7). 


srr><r|5rff D=djdx 

3. s^Rr l 
*TRT fe 

(i) /'"(^) *ra<r I jffe 0<f<oo 

5WT (ii) /(0)=/'(0)=/"(0)=0, eft (1.1) 

?(0= £ e«- u) . L n+2 {2(«-0} . (D-l)V(M) (3.1> 

ftfTT, D=djdu ?r«rr L n+2 ggq?) | i 





% 'fiRT 4TrT qf-Rd qR sriR 
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(1.1) if (2.3) Rf 3SRf=T *?R% qR ^RTT (2.5) RT 3#F JfR?f <TT ^ 

/7C r -)_( — !)" 0>+l) n+2 ^ , 

•STRcT I 

Rf 5?RJRfercT *fR?f <R 



(p± l)" 1 - 8 

(P— l) n +* 


(p- 1) 3 F(P) 


(3.3) % 5t?ff 'fSTT RT tRfTR 3fw %% Tt ?RT (2.2), (2.3) 3fk (2.4) ^r 
^ TC ^ (1.1) RT fR (3.1) % if 5TTRT fRTl 


SFR 2 

sRta l % mFcr^i % (l.i) % s|r qft Prwc( iff fRRr rt 

g(t)= { ~¥ j-‘ e u- U ) . L, !+1 {2(m— /)} (^-l)(D + l)/(«) du 
SRR l dTf ftrs f%4T RT RRdT 1 1 


afar 3 

RRT f% 

(i) n SR qpJlfa? ^ l 

(ii> (<H/(f)} WR: ReR f, RR 0<f<co 


W (iii) f(0)=/'(0)=0, 
eft (1,1) RT fR 

+(-D n «* f‘ C (2(«-0> -(jJ {*-“/(«)} & 

lt*TT I 


(3.2) 


(3.3) 

RRjnftir 


I 

(3.4) 


(3.5) 
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tttto tt^to 5^tT 

(3.2) Vt 

G(p)= ( -^(l + ^r 2 . (P’lmrt (3.6) 

% ^q- 1 ftra% 1 1 'E5T (2.6) wtt ix ^ *r^err ?r sr^fsTcr ft?irc ^rr /re?err | ft? 

f 2 \^+2 f n f 2 / ti -{- 2 \ 2 F / ? ^ 

(l + ^Il) =1+i l et r f 1 (r jr“nj= 1 +I{2(»+2) e ^ 1 (-«-l;2;. 

( (D ')“-2£ 

= 1+L[2e* L n+1 (-20} (3.7) 

(3.7) (3.6) t BTiftTr qr cT«rr sppjT %% 'K (2.2) ?r«rr (2.7) % smw *r fir 

(1 .1) 3?T (3.5) % ^ srra fl5TT I I xvz I ft? ^ 

g (0 )-<^Kg (,-./(, »] (1 

STFeT fsn I 

sftw 4 


*nHT ft? (i) /"(f) *fcRT I Jrft 0^f<oo, cWr (ii) /(0)=/'(0)=0, eft (1.1) 


fftT I 


g(0=l ( -2^{/<»(0-/(m+(-l)’ , j'e‘i-“) . l' 11 {2(k— r)}. 

• {/ <2 >(«)-/(«)}A/. 


(3.8) 


sqqfo 

ftr ?r^sr (3.2) 

v f— 1 \nf 0 \«U 

<?(/>)= ^ l 1 + ^Tl ) ' 0>*“ J ) (3-9) 

% ^ ftn 1 1 aftjT 3 ^t encf (3.9) % (3.8) 3?t siTf^<r st 3 ?t sit ?rc>eft | & 

qfr 

f(0)= ( -^/ ,2 > (0) 


3TRT I 
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«nmT?T % h-'bhjt % fan* 

^T|o q?To SRn? cTan 5THR 
fipMd SFjmfi, 3U9> 

gumt fef fecrflrarau, uttutot 
[ 5TT8— 1, 1979 ] 

HTTT5T 

zt fef ufe uuur % H-m * r ursfet un: uru uurefe su ?umr ur?u g*r 
^'rmr^r "feur uuufer % fau feu uur f i 

Abstract 

Fourier series for Buschman’s H-function of two variables. By Y. N. Prasad 
and Sankatha Prasad, Applied Mathematics Section, Institute of Technology, Banaras 
Hindu University, Varanasi. 

After establishing four definite integrals involving Buschman’s //-function of two 
variables, these integrals have been used for establishing the Fourier series for 
Buschman’s //-function. 

l. s re t ra ux 

ft Jr % feur uur yar,£ 6 i sure uut wt [ 7] sufe % ircr ufwfuu vu 

5Rf?ra fr fef ut% Hfep r ^u URfecu feu 1 1 ?t =to -fffeur % fejor 

% uuppsu u au^ r 'Huuf % gvuupuf uur uffeu % ut fern: 1 1 

fef ur% Ff-Tuu # uutu uffer ufenur feuuu 1 1 


//[jt, y j (u, o, d) m , (ft, b, B) b , Lq, L e ] 

=(2rri)~ 2 f [ 6(s, t) X s y l ds dt 

J Lf J Lg 


(i-i) 
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arfo TT^o sraT? CRT fafTST WR 


5fi|T 


&(s , £)— II J* (ay -f- cijS -\-Ajt)fIJ I ij$j - j- bj s ~} _ Bj t ) 
M i =1 : 


(1-2) 


afa faaaia | fa (j?e (oy+o/c+fa c ) aa?a y % fair ,aar aa*a ( Xj 
'Tfarrffar |, m, n aa +Rara | cRT a# 3T^TT aj, Aj, bj Bj fa aTCafaar (falfat afaSTTarfaf a 
a^maar a^afaar % sapr aa) | aar fatar srsra faffasr fawfat art agfa 1 1 gfey % 
farfat ara % fag star aj , Aj (ar b j gar Bj) ^a fa at ^ aar gagr r (<*,■) (ar r^) nars 
fagr 1 1 maarfaaw % fafa fa ara fafa | fa 8(s, t) fa % fafa ^aarf aa sfa? feaT aaT 1 1 

fafara a afaa fa?a | fa tf-aara aa aa a^af aa snfera 1 1 snrafaf % ?aar aarraarai 
affaaaaT % asaaaaa atartag aaT afat [16] % a%aa art fa a'f faa ara aafa | i r-a^Fff 
a arafaaa afagfarar saga great aar | fa aart aa artf fafaaar aft | apr: aaiar?a ar^af 
aa fa fa a i | i (x^O, y^o, ara fafa aa aaara f) ara^aaa arararw art fa araafaar afa 
(£» g) a»T afaa arara arar aT aarar | aft s=c+ig, t—c-yi-q i aaara [5_6j % (1-1) % 
afaaaa % afk fa afea^a fat | fa fa^aaa | 


I argx [< 


r m 
Z 
y-i 




(1-3) 


arg j’ |< 


’ 7 71 

z 

U“ 1 


- z 

j=l 


B ; 


0 / 2 ) 


(1*4) 


afa arafaT aj, 4, fa fa $3 rpr fa f fa fafaraa fafaaa (i-3) aaT (i-4) faiafafaa aa fa 
faa araa 


argx|<r £ \aj\ - Z | bj /l fa/2) 

Lj"° B f° J 


ar g y i < 


' E 
a-- o 


Mj 


- E 

bj-o 


Bj n (fa 2) 


(1-5) 

( 1 - 6 ) 


5a: aaara [1] % | x | a ar j y | % <aa aar afa araf % faa | h,([x, y] \ |g artfe aa faaraa 
faar f 1 ia% faa aa aa?a afa aar faiafafaa afaafaf x=pe'<P, y =, ;e fa s =w+i£, 
t=i+iq aa aa saafra ar<a 1 ^a aa b < 2 > [( Wl) w> ), a u 'Q\ % a^afara | afe afr 
w I <i?e (5 )<w 2 , Zi^Re (0^£ 2 a a?ra aar aaarcttfa aiafaf art art: 

I f( s - 0 \<M exp (-^ | ^ | — *A 0 \v |), (1-7) 


^ F aa £12! [<i 0) 4] a aiafara fan | afa ( x =o aT ^=0 aa fa^af ar ararfaa aaaia- 
?a^a) afaara faa | </. [<?> 0 , | fa |<fa a araa fafaar fa aaT aia araar 

I K^p-“>ia-i? 5 p^i, CT ^i, a . 8 N 
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* ^ fSWFT % H-m? ^ 'Ffer £ofr 
gfe «f^t M, N SR 3T5R | I 
<0, 0) % (x, y) % fm 

\ H b,y] |<JV|*|»»|y|* (i-9) 

•( x, oo) % fora (*, y) % 

! H[x, y]^N I X \~* 1 1 y |-"2 (MO) 

(I'D srn 'rfonfor ^ F-w tf-wrr ^ yH ^r » g Jr §£ ^rtt | ffom 

% Slfop H*F ^ *FT ff qfo TO j % JTRf % fro ajAj= 0 gp*T bjBj=0 3p?fo 

R [X, y; (<t, a, 0) m ., (a, o, A) m „; (8, b, o) n ,, (3, o, B)„„; L c , L e ] 

=H[x; (a, a) m r, 08, b)„r, L c ] H[y; (a, A) m „, (ft B) n „; L c ] (Ml] 

H[x\ {a, a) m : (8, b)„; I c ]=^ f 8(s) x* ds (M2) 

L7Tl J Re(s)=c 
m n 

■*Tff 9(s)=n r(aj+ajs)l II rtfj+bjS) (M3) 

r 1 j- 1 

snftwr (M2) ^ «r [S ) srt Ft ^ ^ % flfo H-^m # Tforwr 

Jf fa^-T-'TfoflW % ^ Jr TTRT WT TRkTT f 1 


2. qfonTO 

f*r *r st =grf *nr% f tftft % •H'-'hto ?nrosft 4 ^rcr tofto! # wn 

wfofr i tottoT ^qfor sr^ror 3 Jf m gn?r*rFT % % fcrcr »gforc £wt 

•**rmr |g; srforr 

r (cos \Qfk (sin Wf H[x ( cos W) 2 *(sin Wf h 
J 0 

j>(cos \0Y k ( s ^ n I0) 2kl l ( a J a > A) m ; (0, b , B) n ; Lq 9 L c ] d# 

= //[x, (a, (7, ^4)w> {P'T'hy fcj> (Pi~~2* K> ^l) y 

(jS, 6, i?)n, (p+Pi-j-1, h-j-h 19 k-j-ki); L Gi L v ] (2 # 1) 

ft* Re (2p 1 +l+2Va+ 2 ^2)>°> Re i 2 P+ l t 2hw t +2kl 2 )>0> 

[ tyi ?i 1 r m 2 i 

2 I n,- j- r I 6/| (W2), ) argy |< LT J ]-.^ | Bj | Or/2), 

j-i j-i j y-i j-i j 

w 2 cwr £ 2 (1-9) snr srra f)% 1 1 

ap 2 
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cnfo tpo smz <r*iT 5T^rrar 


T cos pB (cos W p ( sin W H H[x(cos W hl ( sin ¥)* h 

0 

j(cos \Bf k (sin %B) 2k i; (a, a, A) m \ (ft, b, B) n l Lc, L c ] dd 


yVA-P-P+l) 5 
-/’(- j p)A-i;+i) r= o 


A-P+l+^A-P+O 
A— p— p+i+ r )Ai+ r ) 


i_ 

r! 


jF/[x, y; (a, a, ^4) m , 


(p 4 -p 4 -^, h, k), (pi+h K> A)> ( P+i+ r r h> k) (& b, B) n , 
(p-Lp-j-Pj+l, h+h ly k+k-,), (Pi+h b, k); L c> L c ], 
mi ft p=0, l, 2, .... cm (2-1) if ft* n* *fcm* ^ if i 

j" j"' cos pB, cos qB (cos i0) 2 P (sin ^) 2 Pi (cos \<f>Y a (sin ifT 1 
H[x(cos \6fh (sin \B) 2k i, p(cos \$f k (sin U) 2kl > (a, a, A) m , 


( 2 - 2 ) 


05, b, B) n ; L c , L c ] dB d<f> 

„ » rr — p+r'in— g-t-r)A-p+£+ r )A— 

= A-AA-?)A-p +*) A - ? + 4 r f 0 (AFkA!) 2 

#[;*, j>; (“ 5 a, A) m , (p+p+h b, o), (Pi+i> A> °)> (p+£+ r > h , O) 

( — q—o-\-\, o, k), (-P-p+h (-*). °)> ( CT i + ^> °» kl) 

(- 0l +\r, o, fc); (pi b, B) n , (p+P+Pi+1- A+ A a» °)> (-f-P+\+ r > h > °> 
(^-fc+ai+l, £>, fc-f A)» (— ?— tf+^+r, n, k)\ L c , L c ], (2’3> 

gw p, $=0, 1, 2, ...; Re(2p 1 +2h 1 J r 1)>0, J?e(2p+2A+ 1)>0, 



1 l] (W 2 ), 



n 

2 

j'-J 




(W 2 ), 


^ cT^TT w 2 ?Wf^T (1*9) SHT STM ft% | 

A sin (2r+l)0 (cos 0) 2 P (sin 0) 2 Pi ff[x(cos 0^ (sin 0) 2A i, 

J 0 

j(cos 0) 2 * (sin 0) 2t i; (a, a, A) m ; (fi, b, B) n ; L c , L c ] dd 


, Z Qr±£W-i+i±2> H[x, y; („, A) m , 

IK-r+m-r)p* r (t+P)pl 

(p-)-r+i> (,Pi+P J r^» hi* ^i)» ( r ^i> ^i)> 

(j 5 , b , 5 ) n> (r+p+Pj+ A+/zi» fc+^i)» (~ r +P~/ ) i+i> &i )5 
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5t *n% srewR % H-mn % qjfsrc 

O ' 

f% r= 0, 1, 2, ...; (p 1 +h l w 2 +k 1 t, 2 +^)>^ 

| arg x !< [2 | aj 1 - 1 | ft,- |] (»/2), | arg y | < [5 | Aj |-.|l *7 i] W 2 >' 

W 2 5WT ? 2 *rt (1-9) 5TO STM «*J I 

q fvm (2-1), (2-2), (2-3) V* (2-4) *n% 

qf^mr a-i) finr ^ M st ^#rfer % srr^ «s^ | 

f ' (cos W*? (sin \6fn d6 = ^^X T T » (2 ' 5) 

spjra % Re(p)>0, Re(P])>0. 

(2-i) % sum 5t ^rtf *nSr ysm % fiw *t ^ 

sfoNf % 31^ 5PTT^ % ** ^ qf ^ Rf *** 

qx } gft t?r I, ^ frofaftra srra frar | 


m . . 

2j T{aj - \-CljS -~ Ajt) 


w LL- 


.X s ds dt 


La i L c n , _ . 

Zr(pj+bjS+Bjt) 

ri 

| T (cos |e) 2 P +2Al+2k (sin i0) 2 Pi +2A i s+2i ^ de ^ ^ 

atsr qfcnTir (2-5) ^ HiractT % 3iT^^ ^ TC (2 6) 4 ^tW 

fT3rraT|i 

r r r(P + hs+kt^i)r(£jj 2 i+]h£+JSlll ds dt (2’7) 

(2-rri)~ 2 \ lc \ Lc 6 ( s > t)xSyt ^\fTK+h+^^+ J ^ l) 

5TT^ff Tt (2-1) STRT ftcTT I ' 

5* « -rfWPT (2-2), (2-3) W <20 '*"* ^ ^ ^ 

%s wt I 

f' cos pd (cos £0 ) 2 p (sin^^ 

r( P +p+t)ng i±j) 3 r s J Pi+i l P : 1 pJrl > A- (2 ' 8) 

^'TXp+p+pI+i i-p-p+hi J 
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(2'9> 


^rfo T^To JRTK crm *PP3T STOK 

sraf fa Re(p)>0, Re( Pl )>0; 
cTUT 

| sin (2r+l)0 (cos 0 )*p (sin B) 2 p d9 

r(2r+2)r(r+P+i)r(P 1 4t) r P 1 + 1 * ~ r J -r +*. il 
r(r+P+P 1 +3/2)r ( 2r + 1) 3 2 L- r— P+i, 3/2 ’ J’ 

cTW fa ite(p)>0, Re(p t )> 0. 

3. *r 3iim*T t it =5Rf *n% fsnTFT-ff-^ % frnr wtPrt srmt r 

(COS \9yp (sin £0) 2 P1 F[x(cos Jfl)** (sin Jfl)**) 

7 (cos JO) 2 * (sin (a, a, A) m \ (fi, b, B) n ; L c , L c \ 

=— H[x, y, (a, a, A) m , (P+£> h, k), (Pi+i> h, kj); (fi, b , B) n 


2 «. « F(~p - p+j)r(—p - r) 

(P+Pi+ 1, *+ A i> k+kj; L c , L e ]+ n Z o rl-p)l\-p+l)r$ t r) 

^ “7 ( a > fl > ^ m ’ (B+P+h h, k), (Px+i, h lt kj) T 

r(—p—p+i+r)r\ 

(Pi+J+r, h, k)\ (/3, b, B)„, (p+P+Pi+1. h+h u k + kj, ( p + i , h, k); 

L c , L c ] cos p9. (3-1) 

SRTf fa Os^^tt, <7«TT (2-1) *T srfen^r 5 ^ ff, 

(cos 0)*P (sin 9) 2 P H[x ( cos 9) 2h (sin 6) ik i, v(cos P) sk (sin 9f k i, (a, a, A) m ', (fi, b,B)„, 
Be, Bc\ 

2 ^ „ r(2p+2)r(— p-\-r)r(-p+%+r) „r . / r ^ 

“v^A -2 n-p+m-mi+r) h *[*• * <-• “■ A) '»• 

(p-f-.p, h, k ), (Pi+/>+l> A l5 ^i)> ( i 5 ^i> ^i)> (& b, B) n , 

(p-)-/ , + Pi-)-3/2, A-f-Aj, A-j-j.), ( Pi+i> k-jD Lq, L c ] sin (2p -\-V)9, (3 2) 

% ■Re(p 1 +A 1 w 1 +£ a £ 1 +l)>0, 


[ S | aj i- Z | A/ | 

{-nil), | arg j |<f 22 | 

1- i 1 Sj |] 

y-» j =1 


.r 1 J 


w> 2 OTT J 2 (1-9) ST3J STTO fair srfa 
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^rcf *n% % fat 

« e\ 

4f<0IW (3-1) ^r fas 3rfa % fat f*r OT I far 
/(0)=(cos \&fP (sin UfPi H[( cos $9)2 h ( S i n 

y( cos \eyk ( S i n |0) 2 *i; ( a , a, a); (ft, b, B) n ; l c , l c ] 

=$C 0 +- 2 Cp cos pd. (3*3) 

P - 1 ' 

m (3-3) ^ 0 % -n % e % srffr sTn^pfacr 3ffa qfo»mr (2-1) srftB ft 

Co 5TTO ffaT I 1 

=p: (3-3) % ?Wt 95ff 3t cos pd t gqr ^ 3fk 0 t v % *rs*r e % afar y-Hi^fcra 
®frfa, Tpwrnr ( 2 - 2 ) rpr ^tt^t wff % niffa-t; gwf ^ >rc 

r 2 ; .T (— p — P+i) s r< f —p x r)r(—pA-j+r) I_ 

^p-^/n £. l n-p)ix-p+$£ t r(-p ~$-p-r)r(h+r)rl 

H[x, y ; (a, a, A)„„ (p+p+h K k), ( Pl +$, h u kj, (p x +i-fr, h, k); 

b, B) n , (p+ P+P 1 + 1)> (b ~\~bfo k-\-k{) (p+$, h, k), Lq, 2 c J. (2 '4) 

3RT t (3-3) ^Co^pJtTCp^’TRt^'R^ir Mf^iW (3*1) 3TO ffaT | I 

'TpC'Jim (3-2) ^rr ft? ^ % fait *THT fe 


f(0)~ 2 Cp sin (2/7 +1)6 

p=i 


(3-5) 


oTff /(6)=(cos) 2 P (sin) 2 Pi H[; c(cos 0) 2h (sin 6) 2A i j(cos 8) 2k 
(sin eyh; (<*, a, A) m ; (ft, b, B) n ; L c , L c ]. 

(3-5) % sfaf Tsff t sin (2p+l)0 t 5°rr arfa <raT 0 t *r % afar wRfe tt+ 
?TT^r 95 ^ff % 50TF ^FT S^iafa TT 


C A = 


r(2 P +i 


£ r(-p+r)r(-p+l + r) 


p y/r. i\— p-\-\)r( p) f=o 


2 j-i/i • -i 1 H[x , yi (a, a, A) m , 


2(i+r) r! 


(P~hP> h> k)> (Pi~rP + 1 5 h, k), (p Pi +4, h lt k-ft) (ft, b, B) n , 

(p+ p+/>i+ 3/2, A+Aj, fc+Aj), ( p-\-r— Pj-bi, h x , A x ); Lq t ZJ. (3'6) 

( 3 - 5 ) t Cp % tt ft 3 ri%r 95 ^r sira frat 1 1 
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3Tf° TT?To STT^T? g«n ?f^5T STST? 


4. fafw 

(i) TOj % ajAj=0 cWT bjBj—0 ?T xRf ^RTT if-q^FT ?t 

tf-'twnff *f f^RJf ?r srcfor | ^ strjt | sfk qf^nTir (2-1 ) Ptpt 

'TfWT if SFTRto fT STTcTT | I 

| o (cos I8y-P (sin i0) 2 Pi H[x( cos Wf h (sin £0) 2A i (a, a) m ,, (p, b ) n , ; L c ] 

H[y(cos I6)* k (sin £6)** 1 (a, J) m „, (j8, 5) n „; LJ (4-1) 

=H[x, y; (a, a, o) m ,, (p, b, <?)„,, (p-fj, h, k), (p 1 +4, h f , kj); 

(a, o, A) m rr, (J3, o, B) h ,i, (p-+Pi+l, h | h x , k-\-ky)\ £<> AJj . 
i?e(P 1 +A 1 w 2 +/:i^)>-i, te(P-f/w 2 -ffc£ 2 )>-£ 

I ff* w r 772 n i 

.27 | a,- 1- 27 1 bj | (tt/ 2), [ arg j |< 2 | ^ • |— 27 | Bj | (tt/2) 
j-i j=i J Lj=i J-i J 

cWT £ 2 , iv 2 H^^TT'ir (T9) 5TTT STTRT snff | I 

W 5RTR % -cr^-sp qftqnr (2-2) 2-3), (2-4), (3 1) cF?T (3’2) if if % 5TTRT M 
'jfT | I 

(ii) tti 2, n 2, a^ ; =/^, a= #j.= 1 , d 2 = 1 , 3 - 1 , Pz' = 1 P's ^ 1 == (^ 2 

stfft T3^r % qi^ccrTTTr 114 ! cjpTp- ^ t?: ?nrr^r (4-1) f^r 'TftqFr if OTmhr ft 

■4lrii ^ 

| (cos id) 2 P (sin £0) 2p i J z [x 1/2 (cos |0) A (sin p) A i] 

^b(cos idfk (sin fdyh ( a , ,4) m „, (£, B)„„; L c ] <#. 

= ^r-H r [^ J; (P, -1, o), (i, 1, o ); (1, 1, o), (1 4-P, 1, c); 

(p-j-'i-j h 9 k\ (Px + ^, Aj } ( a > -<4)m' 'j (& E)n ,, i 

(P+Pi*f 1 5 A+^x, k-L-k-j); L c , LJ, (4*2) 

Pf i? e (p 1 +M 1 +^S 2 )>-i, Mp+/x/2 2 +/c 2 £ 2 >-i 

[ ' 772 ft -| r 7 ??/ r tl n 1 

27 | aj |—27 1 | (tt/ 2), | arg 7 |< 27 | ^ |- 27 1 Bj | (tt/2) 
i/- 1 J=i J L]-i j=i J 

cWT (1-9) 5TTRT ^tgT | | 
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% fait 'Bfcn: =?>jft 

(ill) m'—3, n'= 1, a=ixJ r v, a 2 =p-y, a 3 =^, a 1= - 1 = a 2 =n 3 , j8=/x-j-£, b=-l, 
<#tft % qftoiwwj ^ ^ ^ (4 . 1} ^ ^ 

WTaT I, 

[ 0 ( cos W p+2h (sin x p- k 2 v {jcD® cos \ 6)h (sin M)h} 

JffXcos \efl: (sin \6fh (a, A) rn „, (ft B) a „; L c ] 

= ^ #[*, Ji (f*+v, -1, o), (/i-v, _1, 0 ), (/x, -1, o) 

r ^ > 1) n), (p t~ A, At), (p^-p^s ^is kjji ( a j n, A)™ > t, (ft o, B) n ri 

(P+Pi+1, h -f ft, £-fft); L c , ft]. (4-3) 

^ ^ i?e(2p 3-2hn+hv -2ft 8 )> -1, 5e(2p,+2ft(*-fft.»-i-2ft£ 2 )>-l, 

| argx|< 27 [ aj \- 2 | bj | (ft2), | arg y < 27 | ft- !- 27 | Bj | ] (ft2). 
j =:i j-i J Lj=i j-i - J 

£2 (i-9) ?r srra ^ 1 1 

(iv) m =3, n =1, <*i=v, a 2 =0, <? 3 =i, ft= — l=ft, ft=l, j3=l -f-v, 5=1, 

*0^ 5W 3vT TfWTrr^i <=Mq^pt 4><>t C R (4’2) tdMfafapf ?HTT?^r if ^Hid 

srraT i 

j 0 (cos ieyp (sin |0 ) 20 1 J 2 {X 112 (cos \e)h (sin id)h} 2^ 2 
ftfa 1 ' 2 (cos \6)k (sin I6)h K{yV\cos |0) fc (sin \6)h) dd 

= 2 tt H[ x > y> 0*> ~ ®). (§> i > 0)j (1 » lj 0), (1 -{- P-> 1,0; 1) 

(P+^» h, k), (Pj+ i, ft, ft): ( v , o, —1) (o, o, —1), (ft o, 1) 

(1+v, 0, 1), (p+Pi+1, A-t-ft, A: —ft); Lc, ft], 

W fa Re(2p+hn+2kv)> — 1, Re(2p 1 -\-h 1 H- + 2k 1 s)>- 1, 

1 m n i 

2 \ aj \- 2 \ bj \\ (7rj2), 

j=i ;=i J 

rm" n" i 

i arg J i < | Aj 1- 27 | Bj |J (w/2). 


(4-4) 
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wwi grfi crfepr irfcr % font 

SRTOtesr cT^T «PT 5T^TB 

\ 0 s * 


*Tftra ftnrrn, grot f*p§ farecftren spr, sm«rat 

[ 5TTH— -iW< 27, 1979 ] 

*TT?UT 

snsf cr srpr ir ft?*fr ^7 tsr g® sfrt 7%?! % ft^e ft^fr ^rt^, sreRT^r 

cr^r # qforgf Jrft t?t gg f?r ^ % ftw PH^i^rr w | ftreftr >rf|^r ii+«to 

spjsTssEr =g*tppfa sre % spcpf^r spft % gro m^raftit w % ■‘iTcwr | sfk 7f|7>T am -^igth 
| I U-f TTTHT *T7T | ft? ft-WRT^ft- 5T^T iffT?! % g7? cHTB T^TT 7^iT | 3fft ggft rUT? =gfcr 
fr^n Tpr 1 1 ^r-ftcrwr sftr ^rfw?: w % #spp snra ftft *FT | afft hR'-mm'i ?ft 
tire sm gf sreftra ftnrr *rar 1 1 

Abstract 

Hydromagnetic flow of a viscous incompressible fluid due to unsteady motion of a 
flat plate with constant suction. By Newal Kishore, Department of Mathematics, 
Banaras Hindu University, Varanasi. 

In the present paper, an exact solution of the unsteady motion of an electrically 
conducting, incompressible and viscous fluid near an infinite porous flat plate moving 
exponentially with time in its own plane with constant suction, in the presence of 
uniform transverse magnetic field is obtained. It is assumed that the fluid extends 
on one side of the wall and is sucked away to the other side. Expressions for the 
velocity profile and skin friction have been obtained. The results have also been 
stated graphically. 

1. SRHPWT 

fspgt WPT, 3RpTtetT % ftft ft-ft-HTq TfefWT m tt+tW 3?T GfvM'i 

vnfsftvr 1 - 3 - 1 % ftsir 1 1 374tU gsresr t?t |?r fr^T an^ft-^T^T # 


AP 3 
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itqq fqqfo: 


if STRT foRT I ^53TTSC 4 ] ^ ftf> qq ^ STTTm if qsqmq ffo % fqqt 3rq?qrf|q;T 

qqfqtET % qqfw*:-qqq ark qrr if ffo qmr argfqm qT arswr fom i q qq foqfq 
% fqfo fqqt atqqtqq, am qrqq qqq % srti qq arg str qpsrqtq £q qfc arqqqqq % qqr=r 
qr qsqqq fqqr forqif mfq qrefoq qqq % qm gqqrqq: qfoqfqq ff t?j ft i fern gqf 
arqfofqq qsfqrcqqq qqqgqqgqr qqre qffqrr % foqq 3 ft for am ^ 3 ? ^ qqq % qrq 
^qrafoft qq it qfqqw |, fqqt rr arqqfoq qqq srt^ % fofo qfom Rfoq qqtqrqq qr 
^r qqqfof'R afk qqir 2 ] % =rm four 1 1 wa sftsr qq if qqqqR argqrq qrqqfq £q 
qt qqfforfor Jr fqqr arqfrfqq qaFqRsrqq qqrc qfpq qq fqqr sm arqqfoq #qq qqqq 
qqq % arqqqqor gq> qqrf qq srsqqq qq fkrfo if fom rt | forqif qf|qr am fr qq if 
qqq % qra qqqrqtqt qq it qfoqrq 1 1 

2. qfq qqforqqT aftr qq% 


x'-arar q> 'm # fern if afk /-arq qt fore % q*qqq m qq, sregq qqqrr % fqq 
qfcRq qqforqq afk qqq qqtqqq fqrqtforq qfof if qqq ffo |: 


iu' , ,a u', ,ou' 

— r-f M — r+ V — -=v 
3 1 ' r dX 3 y' 


l-u 


ox ' 2 1 3 y' 


- - B\ u' 
P 0 


3v , 3v , , 3V 1 ip 

—7 +tt — ; +v' — 7= i-r+v 

St Bx 3 y PSy 


c*V 


o“V 


' 2 + Sy ' 2 


dll’ 3v' _ 
dx r+ Sy'~ 


(2-1) 

(2-2). 

( 2 - 3 ) 


forqif B 0 qnnr q^mrq ^q ; fqqq qrqqrqT, p maq, p rnr ark v qqq qfr 

qfqqr wrqqT qqfoiq mq | 1 foqtq qifmfT qrt tq %■ qfoq qrqrr 1 1 


^q q^ qrq %cT I f% qq rfftfqqr TltIw, x' q ?qqq I I qa-qqT q fqq |q qf qr qqr 
| f% qqq qt wrqqr, t^r qTqqqr aftq q^qqtq qRq^rqr srrfo q^fo^r gq arm 1 1 
sq qr qfqqtq qfoq ?foqT qt % qqr qq | for ?foq foqq qm grqqfor qq qt qqTforq qff- 
qr qfr | srqfq qgsrgqr qq fqfoqq qq q qqTf qq q srqqrfoq TfqT 1 1 qqforqq (2-1) q 
qgrtr qqr foqqg^qqrq qTfqqf qTqqf qt foqqgqrqrq q^fq if qT<ft qf 1 1 qqgq qqqfB. 
qqforqq fomforffoq qqtqqqf q qfoqq qr qfo f : 


Su' , ill' oV a , 

^+ 1 ’ sF“ , V>-7 J; “ ■ 


dt 


dv' ,3v'__ 1 cp c 2 V r 

dF +v dy'— ~~p2y'^~ v ay 7 ** 



( 2 - 4 > 


( 2 - 5 ). 


( 2 - 6 ), 
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^ IP 07 ^913 >Tf|=pT 5T?Tf 

fcnt 'rfefwT srf???? fwfafi=r? |: 

i 

y = 0%fcrq- M' = C/ 0 [a 0 4- e 2 c n > e± n 't'] (2-7a) 

n f - 1 

8tk /->oo % f?Pt u'—O (2-7b) 

silt Tt U 0 ' Jinf fa??r %*r 1 1 a 0 , ri st?r*pp fkKf37 | sfhc « tnp TTftr 1 1 *h*?nT % 

sRrifcr fc%r £°rt f*r w # | ri ?npn |, c„, sn^T I 1 

STfSTCROf «RT TfcTT I I 


jRrPr, ^ntt^r (2-6) 4i srsfcr ^nxn | % V ' 'e^pt | fir v' ^t 

tt^ fknrpp (-v 0 ') farknr sik gtfor ^ %% | fsrg% ftwf 

fa'PsraT 1 1^ p> y' ft i a^n^? ^nfknTir (2’4) 


ell' 

at' 



a/2 


CT 2 

-p B ° u 


(2-8) 


ff STTcTT |, srafap qfoffaT srfep? 


y'= 0 % fa? 

W '=C/; [a 0 +€ 2 C„, e^ f ] 

n'~ 1 

(2'9a) 

sfk /-*00 % 1%? 

u'-+ 0 

(2'9b) 


1 3i? 5? 3rf?m? Trfsm 4? sirrf sr f sft f% 5 i?r qfkrrf^r 


y- y ~ LVJ, (. 


V 0 ' 2 t' 


4v 

4ycr B* 

Uo "" 


, n=- 


4 vn' 


U =TT' 3fk M* 


3RT: ?nff^TOT (2-8) 3HT srfaiff? WJ 


c 2 u iu la u Mu_~ 
ap + a>>~~4ar 4~ — 


it srrar t, ^ <rfefPr sferer 


(2-10) 


(2-11) 


■TO 

j=0 % fa? u=a a +t 2 a n e= nt 

n~ 1 


(2l2p) 


sfte >'~>oo % 


u -*0 


(2* 12b) 
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TOTO % 


a n 


Cn' v 0 ' 2 
4v 




«=/iOO+« 2 a„ e ±nt f 2 (y) 

11=1 

^ fi ^ ft, y % ’TS5PT I fTOT% TOT TO? *T fTOFT% T^ | I 


(2’13> 


(2-11) t (2-13) strr srf?TTOf?? ^ rtf sr?rTO?t 'Kt ^ g<?m ^ 


sfk 


o 

dy 2 ^ dy 4 •'■ 1 


M±n 

dy 2 ~*dy 


/*= 0 


(2* 14> 

(2-15). 


4 Jf- 

' J i®ll% HPtrflTO nfd«t rl: i f?TOf%fTOT 

^=0%1%ir / 1 =a 0 ,/ 2 =l ( 2- 16a) 

v-»c» % fi=A=0 ( 2 -16b> 

(2-14) 3fk (2-15) % fT ^ft srfTTOET (2-16) TO ^ f, |: 

fi=a 0 e- a Jif 2 =e-Py, 

*4 i±^+ M > ** ^ = l± y(l+M±«) - 

3TTO£t rm? fTTOfafer ^ toto ^Itt |: 

u(y, t)=a B £-“-)’+ € f a„ e±«*-&\ (2-17). 

^TfckK TO T 0 TO TOTOP |: 

/^ \ cn 

T o=(^J =-fea+£2 a„e±^iS]. (2 18) 




t TfT'jrnr ansci fw%^n 


% scRH^h sttoi? % tt frorro srk TTferr ?<fw % totop (2-17) sffa (2- 18>: 
5TTT fTOT TOT f I TTOT 1 Jf, M % f?fTO? Trpff (0, 2, 4) % %<t ^TOcfiTOT: ?STO? ?9IT 
^ v % TTTO TOT fTOPCT % 3TT%^T Sr?f?TT f%STf TTO |[ l TO^MT % ?f TO**? f % ^Sf-TOp 
y *f =rfe tftrt tt « w*di toto 1 1 ^4=tTlq totot M to tot tt tIttI'totot ^ ^flrof' 
TT TOcft I I 
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3TST 3 STT^TcT ^ 3T3 ^JTT^ftcT % tftcTT ?ft 


%o gtfTT 

qftlcT fevrm*, 17^0 STRo fsflf^RT 3FTH^ ? 3n*§T 

cT^rr 

%o *fto tT^fo sft^TT 
qftlH *TFT£RT 

[ 5TRT — feR3T 17, 1977 ] 

mvm 

sr^cT SPT^T tjf W 3T^f3R?cT SfRIcf % fefl T^J ^ fT ^Td 

5TRT 3R7TT | 1 fafw 3 ^TT sfftT Tlf^TR qRT 3R f^TT 

W| l 


Abstract 

Flow of heat in a semi infinite rectangle with a heat source within it. By K.C. 
Gupta, Department of Mathematics, M. R. Engineering College, Jaipur and J. P. N. 
Ojha, Department of Mathematics, Government College, Nathdwara. 

The aim of the present paper is to investigate the distribution of the tempera- 
ture at any point of a semi infinite rectangle having a heat source equal to sum of 
an arbitrary function and a linear function of temperature within it. Next as special 
case we consider a moving source of heat within it. Several other interesting sources 
of heat within the rectangle have also been considered which may find practical appli- 
cations. The mixed Fourier transform has been used in solving the present problem. 
A result given by Sneddon follows as special case of one of the results obtained m 
this note. 

1. fetspr 5C%$T 

STRpT SPT 5 ! *T 3TST-3FRcT 3TPTT X^O; O^yi^b R? Wd' 

U( X) y 9 t) + C 0 0(x, y, t) % I, feRW nT f^TK 3R*T (OTt 0(x, y, t) % HTT 3T 
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%o 5 c cTT cT«TT %° feo TTqo sft^KT 

%=rq o g"Ri stfeq i ^q qiqtt fe q?R x=0; 7=0 ^pr cm m rst qfet f q«i sptr 

y== b Ji qPT X cpi q>qq I 3ftr smfiqqr cIN' fecrcq X cT^TT y ?Vff 3>T | 1 

ffc xmx -wxn ?m qw rr % qfeqn sffe m feqR ^ feqwt feifa 

f%Ht qt ST'JT t XX x-=Vt SRT 3fk FTC 5Tfe # XXt SRT {^1% B(x—Vt) SRI sqsfq # qfet | 

ferqrt S feqqr- %?ht qqq % f^fe siftt | i 

qqmq ?urT it srrqci % fefet fe ? | it cm d(x, y, t) fqpqfefect fe^ict 3itfeq> wq 
qqfaRqr srt fferffecr ffer | qff t qqq m fm* 1 1 

~= K \ S+S +U(X, y, t)Uo d(x, y, t) (1.1) 

cl \cx cy , 

K 

K 1= = — {K, sqqq ferrtmi w qr qmr qqrmm, p qqqq qq^r qqr c fefw ^ttt 

pc 

|, qqt qrt s^q qw feqi qqr |) i 

feqq % srnfeqqi cw qrqr qfe«qq fe*q mm | 


6(x, y, 0)=/(x, y); t—0 

(1.2) 

8(0, y, t)=6(x, 0, 0=0 

(1.3) 

8(x, b, t)=g(x) 

(1.4) 

8— ^- = 0 Sift mf x ^co 
dx 

(1.4a) 


feqq % % fefe feiqferffect qfeqrqf qt qrqsqqqi feqf [RRmr *r° [2] 29, 80] 

r ~ sin (£x) dx=- s 2 I * 6(x, y ) sin (fx) dx (1.5) 

qqq fe (i) e=o, qq x=o 

(ii) 0=^=0 tg- t?T *->oo 

CX 

HP sin ( n ~r) dy== t k _1) " +1 d ( x> b ^ +9 ( x ’ °)] 

-¥\>- »*'{¥)* (L6) 

qrq qqq qf qm fern qfeqr fe qq*ci qqqr qfqqf , qqqpq mq srfqqRt | tfe 
qqraiqq % smt t qfe qq qfefcfe tar f i 



2. 


snf srr arn^R *r son srti 


ioi 


sr^r ^nft^or (i.i) qrr (1.2) % (1.4) ^ % srcr feq *r JrfcRRf % srpr f?r 
-W& % fa* fn ftrfaj ^TRn: qrr sur^r ^r% Mr 

d(£, n,t)= j 0 J ^ 8(x, y, t) sin (£x) sin dx dy (2.1) 

nrr qfoRrfor 1 1 

(l.l) % srrf Tsfff sm (£x) sm {j-^j * gwr ^ affc stfr qx x cRT y % 
-jrfir *RT J pfcra' qR?r <r 


Us ?*(M-.fiz)**- 

“*■ J.*l. 4 (^ + ^) si ° m sin (tt)* dy 

+ Jo j * ^ x ’ y ’ r ) s * n tf*) /-y^j <£* 

+<o | o |* e (x, 7. 0 sin (fx) sin (^''jdx dy (2.2) 

^(2.1), (1.3), (1.4), (1.4a), (1.5) cRT (1.6) s3Rf?T qR* <r (2.2) SRT qft- 
uift ?r ■H'‘.^Ti'^< | ji % 3HrrK fjRT%fer ^rw qR 

ft +K ' [f 2 + ^ — C ^=(-\)n^^L F s (x)+${£, n, t ) (2.2a) 

(2.3) 


Sffl F s (x)= g(x) sin (£x) dx 

?RT 


?(£> n,t)= J" j'"* y, t) sin (£x) sin ^ ^ v j dx dy 


(2.4) 


(2.2a) qfaqr <3)4«n<ri wlwi t foreran 1 ?pr ^fw sTfaq?^ (1.2) q* st^M qR% <r 
( 2.5) ?m ferr srrar 1 1 


6(f, n,r )=*(£, n)e-Ki*i*+(-l)«+i^ F jW A*) 


AP 4 
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%o Htog^TT cfsrr %0 q)o t£To 3ff^ET 


+ ( $(£, n > t) e _K i B i (i_T) dr 


X((, n)~ j* || fix, y) sin (fje) sin \ dx dy 




3l^T C 0 m =f^F WTeTF | ^>0. 

3R (2.5) rf sFWT: HT5>T 2° 18] eT^T STFeT ^IT^'T [^SF^ 21 

5° 74] % 5pF*T SW qx |rf *fF*FT TTFT 5r%4 ffr^feTfeeF STTO 

|tm | 


d(x, y, f)= ^ sin (~]pj J* X(£, n ) e ~ KlBl sin (£*) # 

4^-‘)^(T , ).i; M,i r - j 

+i i „(-.)■ s i ,(^)j; ^“ fi(j 2; in(|J >‘ il 

+ ^ r sin [’sin ($x) [ [ q $(£, n, t ) e - K i B i ( ‘- T) dr d£ 

( 2 . 8 ) 

3 fafw 

(i) qfef*T (l.l)5f x^x, y, t)=A{y)t>(x-Vt) eWF c 0 =0 # eft (2.8) *f 3TTCF 
$(£, n, t ) STFeF MpCmW [^H [S] , 7° 33 77/] %5eT 7T &(n) sin (f vr) fcpSTeTT 1 1 W 
'Tfrqfer ^)7TT *FH fWF SPT ^F fawfof%cT fr^FT I 

4 «* . /iiTT v \ r x — 

6(x, y, 0—^f sm (“F'Jjo *(£» ”) e “ Kl£i sin (£> *) d £> 


+ *4 £»(-')■ -(!?)[, 


. /nu-jA f 00 e- K i-®F F/xl sin (£x) 

in V ft /Jo 5 



3nr 3T?Rt arora Jr swr sr=ni 
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+ i| l !b ( ! f) x 

v r " UnYKJ sin (iVt)-iV cos (£Vt)+£V e~ K i s ‘} sin (£x) d$ „ „ 

x | o c J 

^Tff &(«)= j o Ay) sin(^j 4’ ( 3 - 2 ) 

*4’+"-£] (3-3) 

(ii) life (1.1) t c o =0 5WT </.(*, y, t ) =/13(x-F/) (^f A 3RT | ) (3.1) 

'TpOTW *T fT STTcTT I I 

6(x, y, t)= ^ sin f* F(f, n) e~ K i B * sin (fx) ^ 

4 co . ffinyx ( m F s (x) sin (£x) d£ 

+ -p * " ( - iy!+1 sin (t ) )o~^ 

4 a .... fn*y\ f x e- K i Bt F s (x) sin (£x) d£ 

+ -& *i’ K - iy>Sln \~b)U B 




r\K,B sin ((Vt\—£V cos (£Vt)+£V e~ K i Bt } sin (|x) d£ ,, ^ 

X Jo (Ar 1 *J3*+|*F*) • ‘ 

(in) (1.1) *T c„=0, *(x, y, t)—A8(x—Vt) cP4T (1.4) t g(x)=e-°* fft 7* (2.8) 

5TTcT M p r^rTT % ^R°r (I'drtft 11 - 1 ) «ff? % <.4 V. u t % M^rqi^ I '-. U I %dT f> 

0(x, y, t)= ^ £ sin (^)f J %, ») e- K i B{ sin (fx) 


“277 00 

+ # * 
0 n -l 


n( — l) n+1 sin (~y) (e- n * 

74 nV\ 

( fl 6 * ) 


+ -?, 2 n(— 1) B sin 

o n = 1 


W \ f e- K i Si | sin (fx) rff 

,t;j 0 ^ s +ai 


5,1^‘H?) 
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%<> *ft° g'ar ?r«rT %o fro t^to sftor 


f {K X B sin ((Vt)-£V cos (gVt)+(V sin (£ X ) d$ 

Jo (K 1 2 B 2 +£ 2 V 2 ) ( 3 - 5 ) 

(iv) cTTT *T STKf«T4T cfe* qpr ft (3.5) j)=0 eft ^ 

t ^rTn^frcr ft srraT f i 


«( — 1) ,1+1 sin (— ~ \ (e-n*xtb ... e ~ax ) 


(“ ! 


2 « 2 7T 2 \ 

“ 6* 7 


v [" &_ sin (gg O-fP cos (£Fr)+fF e- K i^} sin tori # 
o [A\ 2 £ 2 +£ 2 F 2 ] ~ 

(v) *Tfcfir(3.6)Jr,4=0 7tefttTf 

«(*, * »>_ £ i " < ~ l),,, ‘ si ° \-f) «-“> 


71=1 


(a 2 - nM - /* 2 ) 

4 5 n(— 1V» sin ^ir ^^^sin (|x) rff 

b 2 tx K J S .. b ) J o 2?(a*+f*) 


( 3 . 6 > 


(3.7) 


* t «n»r 1 1 ( 3 . 7 ) Jr u-*o eft ^f *t <rft«mrm ( ?0 iss (is)) srm fterr 


fr&r 

1. tpfefr, XTo, Tables of Integral Transforms, *TFT I, ^^n%f 1954 _ 

2. , arrfo TT?fo, Fourier Transform, 1951. 
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«ft° %0 sq^jrc ?rnT q?To %?sfT 
iTT Era fasrra ^fesirara, 

[ Jrrra-Trf 17, 1979 ] 

smtn 

SR^cTSlfa T^r if *=0 TT — l<a<| % f%7 5TPtt »3<JTT # C, 1 j Tf^rTOcTT <TC trap 
srira fas ^ | sft frw ^ ^ fa| [21 sr^cr fas sfara % wt fas fKfr 1 1 

Abstract 

Absolute Cesaro summability of Laguerre series. By B. K. Beohar and D. S. 
Sindhi, Madhav Vigyan Mahavidyalaya, Ujjain. 

In this paper a theorem on j C, 1| summability of Laguerre series at x=0 for 
-l<a<| is proved under weaker conditions than those of Singhi 2 '!. 

1- HTTT fa 2 an 3RPS | farfa fafap tfaff % arpRT {$„} % ^tfa ^ 

apr n-fa fararnd CT „ 1 1 s an trt Tfnw, sfa 

£K-^-i!<«> < u > 

n 

tTT’TT fa T„ 5Kr sppfra {n an) tpife tp> ^FT fa¥TTT Tr^RTTT stRR fPST | St 
n(a n — ct„_ 1 )= T n 

3ra: ’fafa 2 an % TTTT TfavPTfa ffa srrastFF 51S t, fa 

2 ^ 


n 


<oo 


(1-2) 
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«rt<> %o ct*tt st° fqRt 

2- TTFTT f% f(x) e L(0, oo), ^ f(x) % ^TPtT ^ n TT f^n^rfecT | I 


(a) 


sr^r 


afk 


an- 


f{x)~ 2 an L n (x) 
nr 0 


( 2 . 1 ) 


f r(a+ 1) n+a )) * f °e-yf(y) 1*“’ OO dy (2.2) 

v ft ' ) JO 


C (x), fl>-l, «-qf STFIT «TfF? I I 


3. 1970 if gRT m % (2.1) ^ x=0 rr«TT a=0 >K |C, 1| TT tr^T 

5f%q ftrs fqRT ; fTST ff if f^ 21 ^ x=0 'TT TTKJ — l<a<£ % fgrcr 

f^R- SliR f^TT l 

aim 


— 1 <a<i rtf 0</i<i— l-a % f^nr ST# (2.1) f*P=l X=0 'TT |C; 1| Yft^Rfq fUff 
/(x) tfffircr 3Fcra?r [o, 6] if qfoftftcr ^f 


afhc 


[ a \d f(y)\ 

L >+ 


<oo 


f* e-y /2 \df(y)\<03 

Jo 


(3.1) 

(3.2) 


5T^?r sOwi (3.1) 3ffT (3.2) if RTW 'TPc^RTaff TT x=0 oPTT -l<a<| 

% f^Ttr j C, 1| SfqT^TfqcTT qX ^ 9%^ qrRT | I fffKY 5f^T ftRT | : 




— l<a<i ^ 0<F<i-|a % fnq (2.1) x=o q* |c, i| ftqt 

trfq/(x) Wtfarf 3TRTTH [0, ft] if qfYtftfqq 5PT^t I 



(3.3) 

f“ e-2 /2 7 «-a-i/4 |^/(j)|=<?(logn) 

J 8 

(3.4) 

j" e-yli yaii-iw |d/(j)| = 0(log n). 

(3.5) 



raFira raraf rat qrara rararararaerr 
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4 - sp^t ftrg rarra % frarj; ffr rantr agra? % wwifra^ grar rar srara ravft (^ra [3] 
<jo 175 tT# 238) 

-ns^ra l 

rrRT % a #3^ raReffera ?fwr I TT=T c «iK w foleT *Wlffl+ fer^P |, cR 

x -al 2 -lli 0(n a ,s_ l' 4 ), c//i<x<w 


„a|2-l/4 j — ’?)’?. 

1/11 X^W 


(a) r x -«/MH 0(s a i w 
™ ■ — L0(« o ), 0 <x<c/n 

raqsira 2 

ITRT fa a #58j ST^fara |, w>0, 0<V<4 
era raft n->-oo 

(a) rn“ ,2_J 

max e~*' 8 x“ (2+1/4 |L„ (*)!~|^ n af*-: 

raw rasr rar ra rat ft ra raw raw ra raraft rara rararctra % frarar raw 1 1 

5. aim rat raraqfa 

W L » to )= V n ) 

cTOT 

D\e~* x 0 - 1 D L l *\x)^ + ne- x x* L*\x)=0 
raft £>=^ . srk D L l *\x)=-L ( n _ + a (x) 

fsfarara rawirarara % raratra ra 

«■ ^ <°> = nil) I “ C W Ay) * 


D\e~y y^L^\x)]f{y) dy 


(4.1) 


(4.2) 


_ «r(a 4- 1)J 0 

- r " L “-‘ 1 ’ w H.'-"n^r> 

f* e-y >«> C”w. rf/O) 

1 n 
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^to %0 5 To i^jo %ref) 




nr( 


x-H)f 0 


«■' ^ a+1 KT (y) d f(y) 


3 RT: 

sra T n 'Tfc^rmt % 


nan L,° (0)= _ fj e ~J (y) d f(y) 

•2? (Of) I poo (<V4-2) 

?,™ L ’ w— j>TT)L O’Wu')- 


. (a) 


m IT | mill « 

^ H“l= 27 i - 2 vn p Ly (0) 

n-l * „_i « Irt -h 1 „ =1 v w 


5 1 f 

^ ^ ^sn, . 1.1 


(a+2) 


! 0 (>’)! wi 


3T3T ffr *TH% | f% 

m ( «)= icr'wi iwh r+ r + r+ r 

* 0 JoJc/nJsJn 

==: ^ 1 + ^ 2 +^ 3 +J r 4 

1% c TTcf w f?TW ETHTcipF fertfsp | 1 
(4.1) afk (3.3) jpfrr ^ <rc 

I 1 —0(n a+2 ‘) J'* rt j«+i 

=0(») r \df{y)\ 

J 0 

= log «) 

(4.1) 4rr sfiftrr qp?: 

l i =0(n a+2 l 2 ~ 1 l i ) j" S ^-a+l j,-(a+2)/i~i/4 y(v)| 

= 0(n al2+314 ) f S j ig/ 2 -i 14-t.u \ d Ay ) I 

J ff/n 

=o<„.--) [ 8 MM 

Jo. y“ 

= 0 (n 1 ~t l log «) 



stfr ofr «pv =hp<5pfraar 
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(4.2) ^ (3.4) % ?PT 'TTcT f fc, 

l s =0(n al2+3li ) [ K e-y' 2 j.a/ 2 - 1/4 j df(y)\ 

J 3 

= 0( al 2+3,4 log n) 
sfif *T (4.2) tTcf (3.5) % 

7 4 =C>( a+2 ' 2 ~ 1/12 ) [” e~y' 2 \df{y)\ 

J n 

= 0{n a > 2+11/12) f“ e-v/2 y a -2-1/18 -1/6 |^/(j)! 


= 0(« a ' 2< - 3 ' 4 ) I ya t-inn |rf/( v )J 

/I 

— 0(n cl2+2IA log n) 

sra: fir ^ I f% 


1 L W ¥.» I <„ 

n -1 « 2 

w Hirer firs ffifr 1 1 


fimr 


1. wr, fr° ^0, 3) 0 gftfiro, f? rr^rere fo q firawj , 1970- 

2. fiTf, ffiPT, firaH 3F|o qfe:T, 1979, 22, 163-173. 

3: tift.sfto, Orthogonal Polynomials, Sffio Wo iftHTo spfirtfipo qfefo, 1959. 
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^to ?t^o 

^?PTT3T, 

[ STFcT — 6, 1977 ] 

SKT5T 

5T^cT 5TT^ n-^pnf a(T% tnp SR^ STTTfa t B?T>T % f^T OTT ^mf'TcT 

JRRTT | I 

Abstract 

An expansion formula for a Generalized function of n-variables. By B. L. Mathur, 
Defence Laboratory, Ratanada, Jodhpur. 

The aim of the present paper is to establish an expansion formula for a most 
generalized function of n-variables. This function generalizes nearly all the known 
specical functions of n-variables, e.g., Lauricella’s functions F A , F B , F c , F D and it 
also incorporates, as its special case. Fox’s JT-function^l and F-function of two 
variables introduced by Munot and KallaW, MouryaW, MathurM, Gupta and 
MittaU‘1, Vermat 10 ! and others, which in turn includes the G-function of two variables 
defined by AgarwalM. The results obtained are most general and various expansion 
formulae for other special functions occurring in physics and applied mathematics 
may follow as their particular case. 

l. srearen 

F *FRPTT t91 % n-s^TT «n% tfTTTf^'f^FT qfef-aFTTW 5RT? % rHJTOT 

afnrar a fan 

jj: 

(Cc> Yc) : ^d) 

(») (p) ip) ip) 

( a P n > a Pn^ * ipQn’ @Qn) J 


A, tM 


: x ) 

n 


t 1 TT ^ s 

X%, ...» Xn\ = I2 Ct ^ ( p^ ; 


X 2 | 
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4to iT^ro irm 


/ i \ n f *’ 00 r** 

= \ 2 Ur) J . *** j F( s i J r s 2 J r-- J r s n) Q( s l9 s 2 , ...» £„) 

x x~ Sl x~/ 2 ...x~ Sn d Sl ds 2 ....ds n (l-l) 

i r(cj - Syj ) 

F(S')=i r (j 1 +-•..+£„)= — — , 

ii r(\-cj+Syj)n r^-ssj) 

7=4+1 j=l 

I n P( 1 - fl ; r> 1 - a[ r) ) n rtf' - ftp ) ] 

* 2 , .... s n )= n i J -Q p y. 

j ri rtf's, a‘ n ) ri r(i-bp+s,ftp) 

I j—l+N J J tfl+M J J 

^ J r J 

xj^o ( j= l , 2, ..., «) ct«tt fcrfi *rm fsnn w 1 1 *rm ft a, c, D; 

Ml , ..., M„; N, N n ; Pi , ..., Pn crsrr Q u ..., Q n | 0<^c, 

O^Nj^Pj (7=1, 2. ..., n) SRrfWRT * gR fnfr I, wft ap b { r Cj, cWT dj s-ftjpsr 
I ^TT a, P,y m T 5 SR ’TOR f | 3RiR (*„) *T »-!TTRRT (x l5 

x 2 , .... x„) ^«rr ?f%cr (a p , A p ) rr p *Ptfep gnr ( fll) a 2 ) (a p , A p ) % arpnr sffa 

fRTT | i 

(i-l) % srr^fi argunr fcrr| fir sft qra *Rfa?r tf gtm i 

* *w * 3TR5imT ff cfr ^r 5RTT 5CgfR fl% | fi? r\cj-Syj (j= 1, 2, ... r 4f) <^1 

r(6j ,) S r ftp ) (y = l, 2, ..., A/ r ; r = l. 2, ..., k) % rtr tir P(1 —a { p+s r ap) 

0’= l, .... r=i, ..., n) % qt?Tf % faarfiR ^ | i 

irnrr rtr % srcrrc % giTfRrrgaR srggfR ^tt i| (W) =pt 
srf^raRt stirr life . 

A:<0, Pi> 0, I arg x, \<y ^ (i= 1, 2, .... n) (1-2) 

, £f - e i (r) D P i , 

TSfig A,= 27 yi + 27 a"- 27 Sy- 27 8 ( . n ; 

j-l /=1 j - 1 7 j=i r 7 


(1-3) 
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M. 


P i 

N. 

L‘- 


i 

f s 


- 2? jSf 1 - 

l 

±2 

in r ‘ in 

A 

4-27 

i = i 


;-~-l+M. J 

J i 

j- 1 

J j-l+lf. J 

i =1 


A = c=D=o, % « =ro mm ^n%r ^Hmr n tf-wrr % ’jmmm *r ^ mm 1 1 

%% amR TO (1-5) snm ffaT |: 

~X 1 : "1 r (j) U) 

H o,o,i Pn :a n) ; (r)(r) (r) (r) ^ a- *7 (/) (;) (1 5) 

[ (VAy)J 

fmrmr: n=2 fH 'K (M) % mcr m% * ^m?fra ft mm 1 1 

smr ?f%?r r^a±b) r(a+b ) r(a - b ) sRfmr % fcm 35 m fom mn 1 1 

2 . m mrnmr 

srmrmr %% tnp mmm wwara f mm mmr f*r m? ?r sm 

p (1 -X S ) X ~ 3 P£ (*) //[(l -X 2 ) 5 M 1( .,., (1— X 2 )* £/ n ] dx 

= w 2^ [f{^ (1-^-w)} r{i (2-i-w-a)}]- 2 


A+ 2 y (M n l N n ) j u, 

X ^C-r 2, D-f2, (P : <2 ) 1 . 


j~ u x ( A ± j S), (Cj, yj) l ( di , 3j)» 

“ ; Q ) j ^ ( A “ ^ S )» + A +^ P* S ) 


I lO (0 (0 (0 

L 1 ( fl j5 a j) - (^J» £/) 


% oMcf^^nr 5 f f^r % f^R !>• 


I?e[A-f § S' min 

r=l 


^ {n /j3} r> ]>2 I ** H a=l> 2, ** *> Jfefr), S>0, 


A ; < 0 , Pi> 0 , J arg «; ! <= w « (i=l, 2 , ..., n). . 


Ti-m^r m% w m *rra (l-l) t % mrram ( 2 - 1 ) *r srft mrFpmr % 

mr spt fmmm mdt ^ sft (2 l) *f srfwwmt % mmfa t^r | mffft> srflmT ^ fr%r 
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tt^to aaaa: 

f, [2] 1954 p. 316 (16)] afc 3RT if (M) ^ 

'iPc'JiFff aft faaaar 4 ><h qx aa atflp' af+nra sn^a {frar | i 

3. srait fa 

**1T f% aarc fa # *amr at arar | af |: 

(I-* 8 )*-* JETKl-x 2 )* Ul , ..,,0-x^u,,} 


oo— i (2/'-f-l) (/* — ft.) | m 1 i 

77 r=o (v-fft)! (*) [^2 (2+r-~H')}r{- (1 --/a — /•)}]-* 


r 


4 + 2 , (if : jv ) 
y W nr 

"<7+ 2, D+2, (P : q ) 
« n 


L_ 


( A ±2 s )> ^ c i> rj ) : (4', 8 i). ""] 

( A ~~ 2 ( A ^ “ 2 

(0 O’) O’) (/■) 

( a i> “i)> : (t>y, £/) 


^ (2*1) % aaraa gaafaa afaaaff % siaraa tsr 1 1 
aaqfar 


(3-1) 


arar 

/(*)=(! ffKl-**)» « lf .... (1 *»)« Mn] 

== ? £ o C t P; (x), -1<X^1, 


(3-2) 


’ H ^ I+VJ| (3 2) ** f ^ 'iqiMw (- 1 , 1 ) JT aftas faaaq- 

^rr|i (3-2) % araf wf a P w (x ) % w aaa ^ _i aa T i tfwr3 f T % ^ % 

aaraiara araa ar Ia 


J‘, f'-*’) 1 -* K (*> *»-**)* «, (i_ lT UnUx 

Cr ]_J /J " (*) (*) d*. 


Tftro t( 2 i) 

jt tot s , (3 . 2 ) # c„ w m ^ ^ ^ 


c„aa ara 


i 



H-srcf 3T% T50T Ig tTSF smn: ^ 


115 


4. fefw snnf 

'rft'JIFT (3-1) *T cRWP (1-5) Tt qfer T* §4 4-Xdi %■ TRRT % n #-Tofer % 

^Tn^of % T^> 5RTR ^pr H5T5 %*Pf x E5ffff % <fe t STT^T TT TTrl | I 

f^smcr: qferm (2-1) ( 3 - 1 ) n n= 2 wpt %*r ?ncr Tfemr sh^t tt nrn 

| ffe| ??r% 5 # tt%w [ 8 ^ ?r fen 1 1 

frT^rTI-fTTTJf 

iNrr fefen tsnnrfr % PfeiT sto fnf t srfn pificrr srr ttot | ffeffr 
^ w S nfen^n fen i si m wq; ^fen# trenr qnn % M ?rerT tto trg-o f^n tt 
smrrcr 1 1 

fcfer 

1. spnrm, 3TRo qro, sitHlo fero fpilo ht?H wfen, 1965, 31A, 536-54-6 

2. ipfeft, no ^nfn Tables of Integral Transforms, fnn II, *ITtn%f, ftpfe 1954 
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3TST 3T^cT $PTrT 3ITOTT^R ^T^rfcTT *T 3FcT:f^cT 

#cT ft«T% ^ ^SIH 

q*?o qvfo *TTSfC cHTT *To qto q*o aft^T 

nfact fasrm, qmrqfra q^ Tfire rmn, H T ^u t 

[ 3T<T — ^TTf 19, 1978 ] 

STTTCT 

^cf sm ^ am 3i^ srTJmT^TT ^mpcrt t^f 3RRr aMdiqqq: wmx 

■if tsrrfr % ST^Tf 97, 5f5 ■S'-H i 99 '371% '4id7 ft-^d j?t, M w I v . Pt^i 99T ^ I 

Abstract 

Flow of heat in semi-infinite and infinite rectangular parallelepiped with a heat 
source within it. By S. L. Mathur and J. P. N. Ojha, Department of Mathematics, 
Government College. 

The present paper deals with the flow of heat in a semi infinite rectangular 
parallelopiped having a source of heat within it. 

1. 

SPFp- 999 % 3T5^T A 9 fir 99 3PT^f 3U4dr+T7 99^97 977^9? 0<xsCa; 

Z^O 9, 9tcT7 T’STT TTRi |, 3*97 % 97 f%9T7 9R*t f^WT 

X, y z, r % tnsfrBPT 95T9 rn\ 6 % 7%9? q??nT, 9WT iji(x, y, z, t)+c o 0(x, y, zm t) % 5T7T 
ameB fqm «tt 1 1 dcM ^ rere ?t 9997 % tott sMr 97 fqrarc f% 9 T wrr i q^n 
f%r| $fra I f%?g (x\ y', z') 97 qff S(x—x') S(y a /) s(z-z') wn: qn 1 1 fTTTT flfd=nd 
sun qffa fqpq^i T%7fr tfr srq 1 97 x=vt sttt sstb %t srraT | afhc stt m Trta 799 
M8(x—Vt) 5T7T °qrB f%9T 3TRTT ^ 9fl[T Af TTcft 3T97 ^ gffc 8 f^qJ-?5ST q>trH % P'14 
BTRI I I 

3pjsrT9 B 9 iSWwT 3IWdl+K 9795991 97 PNK f%9T 997 ^ f97T% 4td<. ft 

^59999 tateT 1%®RT ^ I 
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t^To tt?to ft® 'ft® ^T o 


3TftftT»T A 


2. srftn 5PT 

5 STT ft mv^x ft ftrcfr ft f^I XX. cfT^ 6(x, y, z, t), ^ t |. 

vs -v *_ 

rfe^r frra srtfftr^ wftsvn spct ftrafeRr ftft 1 1 


3 8 „ /a 2 9 , o 2 9 


L® + 14 * z » O+c<>0(*» * z, /) 


ii = 1 Vix 2 3z 2 / 

k^ c ft ift ft* <rerf ft ^rr ^prtt |, p ^ to 

| sffc c fftfw tjCTTT |-?nfr 2 RX ttr fftft ft 1 > 

fftftq- % srKfwR> ?r«rr ftfar srfft^p* |: 

0(x, y, z, 0 )=/(*, y, z) (2 ‘ 2V 

0{a, y, z, t)=g(y, x ) (2 ' 3) 

0(x, b , z, t)=h(x, z) ( 2 ^) 

0(0, y, z, 0=(*> 0> 2 > 0= ^ °> O= 0 o O 5 ^) i 2-5 > 

3T«rr 6(x, y, z, t)->0 *ft z-»oo ^ 2 ^) 

3. W* 

(2-2) ft ft^T (2-6) ? f cT? ^f r % sr^nfcT 3T^^r ?rfttwT (21) ft ffts ft fftft W 

fipST 44 °44§d ^ft 

e(m, «, i, o= {* f o \l e (*y> z > o sin ^cT) sin (?) sin < fz > dx dy dz (3 ' 1} 

5KT T fo m f ftg ftcTT I I (2‘1) ft ?tftf 'rerTf ftt sin (— — ) Sln ( f ) sin ^ 3^ T ^ ^ 
^FT^T SfRdFFK ^+Hl^d"< Jf X , J\ 2 % ^nTT^Tcf 4T^ 4T 


j: j: f:5 ^ * 

-* (i r. f : (s + p+ s) s K -?) si ° (?) si ° « z) * * * 

+ j* [‘ \] #*, y, z. .) sin ('=!?) sin ( "f ) sin «si * <1, * 


'a rh f 00 


0(x, 7 , z, t ) sin f — sin (^^) sin (f z) dx dy dz (3-2) 



smrcTFFn: *wid< 4£4i?i+ if 
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(3-1), (2-3), (2-4), (2-5), (2-6) gqT 4wfft2] 4^ STTOfPT 4R3r TT 

■«ftf if 4R5fRR«T % 49^ld fWt^Ror (3-2) ffrof^fer ^q- etrot 4R %3T |: 

d(F — — 

St + K i B6 = K i (A i)+K 3 F t (m, W+K^+Km, n, £, t ) (3*3) 


F i(. n ’ £)= [* [J 8(y, z) sin ) sin (£z) dy dz, 
K(m, £)= ["“ ("J h(x, z ) sin sin (£z) dx dz, 

^ 2 =(-l) m+1 ^, 


(3-4) 

(3-5) 

(3-6) 

(3-7) 


A = [^•{l + (-l)' ,+1 }-^{ 1 -r(-l ) '" +1 }] S 0 fj sin (£ z) dz 

^0 [H- (- l) m+1 3 [1 +(— 

4>^rn, n, £, t)= [ j*^ J,(x, y, z, t) sin j sin sin (£z) dx dy dz 


cr«rr 


'm 2 x 2 

n s n 2 

7dT~ 

1 b 2 


3^ c 0 TO =pT snfrr I f% 5>0 


(3-8) 

(3-9) 

(3-10) 


tfterr srferer ( 2 - 2 ) ?t TOfrc if tot r ifm; arror =T*fr 4 Rjr (^ 3 ) if fn i%^r 4551 
tot ftcrr | 

6(m, n, £, t)=x(m, n, {) e^i 61 ^ ^ j [K^ (n, £) 

+K 3 F 2 (m, £)]+| (l_ e -^) + J '‘j, {m , n , £, r) e-W-v dr. (3-11) 

x(m, n, !)=-f o f* j f(x, y, z) sin (—*) sin sin (£ z) dx dy dz 


(3-12) 
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Tt^To TT^o *rm CJ*TT %o qto tTq-o sft^RT 


m spar wrr.jqft?ri am <?jfm «tt qfortf 11 % fair **r Sr sas*™ sfan *pt w>r ^r 
<rc fif affar mr sfan % fat fasrfafarar ^r srpar ftarr | 

.. _ ,n_J_ s s 


g 00 OD pay 

e (x, y, Z, t)=^ 2 2 sin 
77 au m=l n=l J 0 


[x(m, «, 0 e~^t JL^! j {^(n, i)+K 3 F 2 {m, £)}+£ (1 -e~*i*t) 


+ j p(m, n , £, t) e~ K i- £?u “ T) t/r] sin (£ 2 ) dg (3*13)" 

Jo 


4. feftre ^Tm 

(i) *rftf*r (2-2),(2-3) tf (2-4) if iFPfT f(x,y,z)=6 1 (am), g(j, z)=e- al ^>, 
A( JCj z)=e~P lx+ z ) a 5T«TT J3 3m I TTsf 3fK aWT Tri?7ft [l ] % STgT <jfaf "FT ajTJft’T 

aft (3-13) ffa^fafaar <*«t if anTfatar fr mart | 


. , 80, “ «? r 00 f® 1 . fmiTX\ . ( nny\ . , 

«(*, r, *, «)--?■ 2 , 2 , j, J, s; sm (— ) sm (t) S1 ” «*> 


[l+(-l)" ,tl ][(l-H-l)' lf ‘] e- K i B ‘ sin z) (fz # 


4xr ® 21 

-f — 2 2 sin 

m=l n=i 


fTlrrX \ . fnrry 

—— sin r~ 


nKAl + i-l )^ 1 e~ a b) [e - (m 2 * 2 la 2 +n 2 * 2 lb 2 ~col*ini 2 z_ e -azr | 


8 21 z r® . /rmrx\ 

2 2 \ sin ( — — ) sin 

a m=l 7t=l JO \ J 


nrry \ 

b y 


nK£ 1 +(- l) n+1 e~ ab ] e~ K iSt g s jn (g z) dj 
( n 2 7 T 2 -y-a 2 b 2 ) (a 2 -]-£*) B 


4 tt « ® . (rmrx\ . / ft uy 

-T 2 2 sm — — ism(— t 


» J OIU I — 

^ 771=1 tt=l \ ^ 


m-Kall +(- 1)"* 1 e~£<»] 

(mV+M (jS* +^) 



3T14dHk WlkR ; 3WTT STfTS 
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8 

b 


S S 



OT ^[1 +(_ 1 )m+i e -^1 e~ K i Bt £ sin (£ z) d£ 

W^+W^T(F+¥Tb 


8 « ® . (mirx\ . 

+ =®«£” , hr)* m 


V * 


n 


5 


(1 _e-««f) + 1 < 5 T ) e-ic^tf-T) rfr j sin ( | Z ) jg. 


(4-1) 


(ii) (2‘1) c 0 — -0 5T4T tfi(x, y, z, r)=8(x— x') 8 {y—y') S(z—z') >jf sftr 

?mn srfoRT (2-2) ^ §pr (2-4) ??tt (i) €r *tt% xzk ^rr5 ?ft fl%-%cST »E?T*r 
d^rr 5TRT <W [l] % ^SfqriT % ?r*RT #fTT ^TPT fWT spT fdMR-tfed 

'T*T fftf: 


z.o-% i i 

0 m-i n=i Jo Jo mn \ a. j 
sin (gz) [1-f (— l) 772 * 1 ] [l + (~ l)* fl ] sin (£z) dz d£. 

, 4- - oo . (m7TX\ . frnry\ 

+— 2 2 sm — — } sm t~~ j 


(n* ry\ 

m 


nr* 1 n 


o } \ b ) 


^(l+C— l) n+1 e~ ab ] [ g -<m 2 *“;u 2 -i-n g » a )b 8 il/ 8 c_. c -«j 
a 2 - 


(« 2 


3 05 CD r X 

-- £ 2? I 

a m-l n=l J 0 


sm 


V 


sin ® 


6 2 


V « J 


(?) 


^ 2 [l + (-l) n+1 £’ a ^] e~ K i B i* sin (£z) rff 


oo . fm'nx\ . fn~y\ 

LL**\—) m vr) 

mK 3 [\^r{~\Y^ e-fa] [g-t™** 8 <«*+>»** W > -e~P *] 


4tt 

1 _ 

~ 6, 



8 f, 5 r . rmrx\ . mry\ 
■ r 2 2 \ sin — - — sin —r— ) 
b m 1 «-l 0 \ a \b 


mK z fl 4-( — l) m+1 e~P a ] e W £ sin (fz) d£ 
(.wV-f/tlV) OS 2 + £2)^ X 


+ 


8 


* A . tm-nx 
B — sin 


Jab n J J ‘k sin irr ) sin (ir j (1 - sin d Z- 

4 - ® 1 . rrmrx\ . (mrrx'x . fnrry\ . /azttv'N 

s,n {—} sm (— ) Sln (t) «“ (tt) 

e ~(/n 2a ~ la 2 -rn 2 ‘- ;2 /b 2 )H2z 


/mV 

, «V 

V tf 2 

r_ F 


sin h 


m 2 7T 2 n 2 7T 2 \ 1/2 , 

-p-i * 


~7Tat) 


Z, ® f* I . /m-rrXX . ( m7Tx'\ . fwry\ . /«7rJ>'\ 

,f, 5, 1 „ JCA sm V — ) sm (— ) (tt) s ‘“ (-T ) 

sin (|z) sin Hz') e~ K i B i l d£. 


(iii) 1*T c 0 = 0 cT«TT j’, z, t)=M8(x—Vt) «T§f M 3Rt | aftr 

(2-2) tr (2-4) m star ^rr (i) qfr anf eft f%%-#5£T q;?r?r (3-13) 

4?t SFsrqtq - sRrf qr q-f fqiqMw ^ if it ^rr | 


s <— (=)-(-?) 


00 1 


sin (fz) [1 -f- ( — 1 ) m+1 ] [l4-(-l)« +1 ]^-W sin (f z) Jz d£. 


4 rr Z 00 
+ — 2 2 sin 

Cl m—\ n~l 


(=>(-?) 


«A' 2 [! + ( — 1 )**l e~ ab ] [e-(m 2 ^ 2 /a 2 wj 2T2 /b 2 )l; 2 i _ e -a«] 


(flVfaV) a 2 - 


m 2 77 2 /J 2 7T 2 

6^ 




«^[l+(-l) n+1 er ah } e-Wit £ sin (|z) 
(n 2 77 2 + a 2 fe 2 ) (a 2 +£ 2 ) B ± 



?micK ^ Eon 5RTf 
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+^'Z Z sin (^ sin (^ 

D m-i 71=1 \ a J \ b J 


tnK z [l -f(— l) 72 ^- 1 e~@ a ] [e-(/w 2jr2 /a 2 +n 2 T 2 /^ 2 ) - e ~~^ z ] 


8 

b m, 


(mV -i $V) J^L 

% £ r sin sin 
7i=m=iJo \ a J \ b J 


m M + (- 1 e-^V I sin (&) d£ 

(m 2 n 2 ~ jj 2 a 2 ) (3 2 -e 2 ) B, 

8 Z % A . fmTrx\ . fn-v\ 

" « Bi Sm [ a j S1D VT " J (1 ~ e ~ KlBlt ) sin (? z ) 


%Ma 


» os f®r® 
=1 n-1 Jo Jo 


. f mrrx\ . f mry\ 

in ' Clr-i ! - i 


sin 


[ sin i -— ■ 

\ a J \ b 


J 


rua'KfBf+mW*) 


[l+(— l) n+1 ] [-KA sin 


. !mrrV\ 


VT) 


fm-V\ fm irV\ fmrrV\ K B 

\ a J \ a ) \ a j J 

sin (£z) sin (fz) dz dg. 


sr^m^T b 

S 9 

5 . 3 Hfg STRETCH WTTRTC 

^ 3 RRT amRTRTTT WTRTC 'TE'tRPP it, f 3 T*r% W* ft Ecr ^Rt ft*RT afk #rt 
5T%^T f?pKT ST^R | 

6(x, y, z, 0 )=/(*, y, z) 

6(a, y, z, t)=g{y, z) 

6(x, b, z, t)=h(x, z) 

0(0, y, z, t)=0(x, 0, z, t)=e B (sfr) sfrr 

5 tf *trt t%qr *rt | % s , fa-*® w Nor ! z |->oo sri^ =pt griw ffr^r ^?rs<ui 
^tt% ft f?r f w 5rr |, srsr w-tt ft fftn % f»r (3-1) % firsrfafeR Prt 
qfc^f EWtR ^ 

e[m, n, £, t)= ^ j b j 8(x, y, z, t ) sin J sin \^\ dx dy dz 


(5-1) 
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% f*f*FT f >r^TTf qr srsnsr 

ffa RTTR fcnsm, TTS 

cmt 

fwft^TH f*r«r 

fswnr, sharps fajmfearatT 

[ srre — spmt 1 , 1979 ] 

mrro 

^ (^o STo) 3?t ftrfpf ^ ferPFT fWPPT ^TT RT 

■^Tsfr *r rnfaRsfur sftf =pt *trt Jf ^rfe ^rar | rt ^t ^tpit ir 

R ^ sfk 3? SRl I I % 30 fef 3K %RT # RR STWTfrf XZ STRf 

1 1 ftftR ^rraff if st|th ?ftf y4«^R w srttt rit rt 

ITK > TfTT > VRf > 3RT 

arfet^r sfR rt srr &ett w, 

^ l«K > ^§41 > TO > *fK 

WT srgxB pftf ^T srf^Rf °T 3RX ftfT *T srfsR RT T[K faft *T €3% 

arfop THTT RT I 

%RT Kv^fid ^TPFf R 'Tf^T RT RR ft^ff *T f^Tpi-M -M ^rtR ^I'fN *T flcft | I 
srr%ar *nft ^Tsfr ^ ^trt | i wf$M '^wrer TRrftfr x rktt | ^iwh hk wr 
«t»t«K firffpfr ’Mddi f> i 

Abstract 

Availability and fixation of applied iron and its effect on various forms of soil 
manganese. By S.S. Tripathi, Department of Agricultural Chemistry, Brahmanand 
Degree College, Rath (Hamirpur) and S. G. Misra, Chemistry Department, 
Allahabad University. 

Iron added as ferrous sulphate solution to various soils shows an increase in 
exchangeable iron in all the soils of Bundelkhand, U.P. and increased doses of added 
AP 7 
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32TPT fW5t cf«TT ftr^T 

ferrous sulphate led to a release of more Fe ++ iron from the soils. After 30 days of 
incubation the amount of Fe ++ iron decreased comparatively. The availability of 
applied iron in various soils follows the order 

Mar > Parua > Rankar > Kabar 

and the fixation is in the order of 

Kabar > Parua > Rankar > Mar 

Thus the fixation of applied iron is maximum in Kabar and release in Mar soils. 
Applied FeS0 4 resulted in an increase of exchangeable manganese in Parua and Kabar 
soils but reducible manganese decreases in all the soils. Active manganese increases in 
Parua soil but decreases in Rankar, Mar and Kabar soils. 

^rr cr^r | cf^rr tfsffcr 

1 1 ^ ^ s-qfesrfo fsn: # ^qr^srcrT i if sr§Tf> 

^qrr ttpftor srqnxf qq; sprft % Jf 

#*TTfaq?f % tTcff jf TT^^\ qrq- | 1 ^ OTT ^TT 3 , cT^T 1w 4 «FT 

| ft? *T W frr^TFT *T tffer JfaFfcsT q?T qW if gWt 

^ c % 

1 1 spTR 5 % nmnr fen (Fe ++ ) srmrn fenfe % 3 tPfrt^wt fe 3 r ^rtt | i ffem 
femfe 6 % fetfe SRT fetT if feRW n?fe fnm% % fen ntf fe nRT if 

nfe frnr | fe E Fi<rtiTty. if hr man |, mr f% nrnn arm fer 7 n rrna: fen fn ^r if sn fe 
5f ir feft nf nan fe srfsmnr fni: aran fe nnmsran fe srnrfnar ^Rart | i 

srcajar nwR |n narn sfer % snanvar fnRjn, nfe, nfnt, mfen 

em arfepp: feir maf |) fnfapn srg^R fe fe 1 1 rt afe fe fnfgnT rnn-mnf firfear f r 
^R>r n=nntn arm t§rt, nfef (rnn fnf|nt) wt nR, mna: (mnt fnf|nr) 1 1 sn fnffnf n 
mar fer afif nr mmman, nffer^n ar«n nnm % fnfen ferfer srjrt r inn m% smnr 
m mnnn nnf ^ n|f fen mn | i 3Rmm wt nfefen ^ fen nnr 1 1 

sm>»TTc?fe 

sr^n sRqnn ffer^ aYn r =nr0f strt r fnffnr (^rnt n?n nrn fn|t njj|) % 
^r %nf % sfR% fnr t nfefR 72 spft ?r ^ 

nfeft n nnftn fer nn 1 rt fnf|Yf n fen snnRr (Fe ++ ) nnr ^nntn % fnffer n=FRT r 
^ rsffeT Rrnrft fnfn srt fem nnr 1 srfe^ nrft 50 nrn n^nr sit^fR if f%nT nm 1 ^r 
^r fe fnfgnf n fern tirt, fefn, nR nnT nRT fnf^nt Tnn-nnn «ff 25 sin rrfn 
?n nfen angn nn ^ fen nnfe ^ nn if nrar nnr 1 ^nr srtr nR nrff fnff nf %■ 
50-50 mn n^nt if 50 nn ?n n^rfn nn ^ fen n^fe femn % ^n if mm nnt t 
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B?T t Btf Bt BBTOBBT..: 

^FTt ^*T ^ t+4 BB I 4K TOTOt Jf IBT M*K %?B ft'fg^i TO B - ! fTO§ Bft TOTO 

mx i bbb bbb ?r smpr tot % ftrfpff bb {%bt bbt i 15> 30 bbt 60 f?B % bto? % ft 

?T^ff $ §■ 5-5 BTB fBgt f?TOB TOT TO t BBTBt fefsr ?TTT ^?T B 3BTOTO TOB wlf BBT 

Sfoi'tB % fBfBro Error! to 'tfrBm froir bbt i bbtotItb bbt bwItb tob bbto f?TOBB b 

TJST % %TB Btf BBT Softer % BIB? 5f TOT BBT TOBT ft TOB Btf BT Jf'BBM' % f?fBTO 
BTOTT BT BfB BT% ETBT? BBT Btf 3?t BBTOBBT 3fk BfBBfB TO ETTO TOBT | I 

BfWFT cRTT fBBBBT 

^ S M TOBBB % fBB ETfrR IRTTO % JB BTTBT 1 B BBT TOB BTTO TO 

frft % f^fw Sfroft^r sitott Bk $?b ^r btotobt bt b?b ?r% stbtbt TOt tow 2 b 
fw bbt 1 1 TOTofr 3 b srpi # EiferB bbbtobt bbt srfBBfB ttb foftTOrafrr Btf 

(Fe ++ ) BBT (Mn++) BTt sftBBB ?fe 3JB BTBT % BTOP % BB B TOW 4 B ?T BBt | l TOW 2 
%ETTO|f%fBtft iTTOBBrte f?BBB fBTOB B f?fBBBBtB TOB Btf (Fe ++ ) B?t ’TW 

b ?fe frat 1 1 %fror 30 fer w bito bbtowb bbb BBBt 1 1 tow 3 etbisib row | f% 

TOpB Btf TOT BBTOBBT TOT fB^t B BBB BfTOP BBT TO?? fBgt B B??t TOT f TBt I 1 
f?fBTO *T?T3ff B 3TT BTOT5W-WTO ^T ERTTT | 

*nr > TT^f > ^Tf^T > ^TcK 

^ f% 3Tfer^W (Fixation) W^T W WIT | 

^\4< > 4|^ I > ij^-i > WR 

IB towt b Bt f?fer ftro | 1% btt ftfr b b ^b tot b BBfwr |B sftBror bbt 
fBBTB BB TO %TOB 65 ErfBBB (Fe +) |t BBTOB ft TOTO |, BB 34 8 ETfBBB ^T B 
fror to BfrorftB fr btto 1 1 tot btoto b bbtowb ibb Bt tob wpb firo | to Bfrortta 
arfsrro ft toto 1 1 f^bbb btoTb % 30 ft? m ??% it ^to bto fe Bpn fB|t to ^t? bt 
bb fBfgro ®r Btf to totbtoto to btto | to jb: 30 fro to? tob bbbt 1 1 Bfro tBft to 

3TPBTB ^BB STB fBTTtB TOTO BTO 1 

BTB B5B? T^BBB’fBBB iftPlB | 1 B? IB B?T B fBBTTO TOTO | TO IB% %TB (Fe^ 4 ) 
TOBB BTO BfeB - TOTT 3TfgBtiB? TO fBB BTB % TO B?TBt? BTB1TO BBtfBBB ^Bt%? t%BBB 
TOTT fB^ TOT fad TO BTOt f I TO: TOT t TOB B5TO fBBTB BT Btf (Fe ++ ) B ?fe ?^t 
TOBt | S^T %TB ?ftf Bt BTBT B BBT I Bf TOTO: TOB fTIfTBBTIB (Fe(OH) 2 ) % TOOT % 
BTTB ftBt | TOt W BtoTTBo ^t BTOBT | #BT 8 BBT BTBBBBBT % 9 Bt TOT5 t%BT |l 
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sirnr grarc fwst f^i^frqrm 
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] 32 5qrq fqqtSf o«TT fqqqfqTq fqST 

5TgtB qff qr qqr % fqfqR ifqqfq sr^rtf qq q?if qT?rr qqiq %rr fq qRqf l if sffqq 
qqfcr qR5TT | f% 


■iTH feqq ^rqqfq arar fqfgqf qf qqqr qgqT fqff if ^Rq q?te ^r qqqTfor if srfg-^ 
qqqT 1 1 30 feq qq qq? firfr if qqr 15 for qq qRR fqff if ifqqfq qqfq%q sr^jt if afr 
stto fr qqq 1 %qq qqq q?$q qf w if qfe qqir tt ft qq fq%q ifqqtq qf qqfgqfq ^rr 
qf 1 Rfq? fqfr if ^ qfe qq% qq Rfr qf 1 

fgfqqHSTta ^fqqfq q-f=TT gf«TT qTSq fqffqf if qRT | %fqq ^fq? fqff if qE^T | I 
WRT %RT qc%£ qf TTfSTT if f fe qqq R fqfqqqqfq ifqffq qW if qf ffe Mf qf I f?qj- 
tqq qqfsr % «ra% <r 30 fqq qq qfqiqq 3Tfqq ffqqfq fRT |, qeqiqTq qrqr iz qTft f 1 
fgqqfsff ifqqfq qT fajfRqqq qjq if srfgqctq qqT ^q% str qr«R -if arrcrr 1 1 fg% 
fqqffq itr cr^rr w fqfgqr if tqqfq qr srfqq^q smTfrq qfqq ftar 1 1 

qq%q fqqfq qqf fqffqf if qqqr | fq^g qprr q«q Tfqffqfgqf if 15 for qq qsq 
% 5tr gq: 30 fer qq qgqr | cptsw gq: qqq qqqT 1 1 srgq; 3Rq q?qq qf qrar if 
ffe qqif qq qq%r tqqfq qT qTqr qgqT qqr qR fqffqf if 3ifc srfg-q rat |, qqfq qfq? 
qqT qTR fqffqf if |f% ^qf qT?ff 1 1 

qfqsq afqqfqi 15 feq ?*P %qq qfqr fqft q qs^T |, %q fqfgqlr if q^ qHcfT |; ^q% 
qiq 30 fqq qq qrc qqi qnqq; firgT if q?q % qr? gq: qqq qqqr 1 1 q^q q^qs ^ arqqrqq; 
qr qffq qrq qqqr | l qtq qff ifqqfq % qeq STTqqrf qf qq qq fq%q q^T fqfqqqqfq tqqrq 
% qq if arqqqq q;q qqr 1 1 qqq: qq fq%q q«n fqfqqqqfq fqqfq qff qrqr if qqT 
q«r fr qqqq ffqqfq q^T if qqr fr qmf 1 1 ?q feqfqfq qq qqqq qf%q-qq % qrq ir 
qr flm | fqqfff qqr fq q = qT q q^q q?qq fqqx^ ir fqfqqqqiq qqr qfer Tfrpfrq qr qrar 
if ffe frsf | i qfqq qqr qrq fq|T %5%fqqq frqr 1 1 qqTfqq | fqr CaC0 3 fqqi% qq 
qqq qq^q: qf q^q ir^fiqqr^q % qq if qqfqa qq% q't? qfr qq qqqsq q?rr qqr 1 1 qq 
qqqfq % fqfqqq if ; qqr qf qT qqqr | i %qqqq 3qqq qf ffqqfq ^?r fqfqqq ?qrq q qg’qif 
if qrar qfqr qqq | ^qfqti qfqf qqT qK fqffq'f ^ fqfqqqqfq ifqqrq €f qrqTqf if 
spqf qqf | i qqjq. qf%q tqqfq qf qq qiar | i q|qr qqr qrq^c fqf|qf % q q> r q q 
?qqq qqi fqqr 4 % qqqfqq % qg~q | qf?q qfqq qqr qR fqffq'f if qtqt qq qq% 
fqqffqf i 

q?T q qRq q?%? % qjffq q qfi+Jfqqfq : ifqqfq % qgqiq if qfqqqq qT^ qqT 
tqqfq qq qqqq ^qq qf| % ^qq^qq qqrq qf qqfqq qqqt | i q§ qff qqT ifqqfq % 
qRqrfqq qrq?sr # qf 5RR q-<ai I I q^ qgqtq qqf qqT3ff q qscTT | f%?5 q^ ffe qRT 
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foft Jr to to fagY if 3 rfER^r ftfr | fror tose frar fa toff toe ir to 
fagrofaET iforor xpt sfarr srfap ^tet 1 1 tof ftlf^ff Jr sm^to ^rtf % fexjTOFTOFT 
ansrr arfeT^r^ stfu^oi tokt irwfe %toew frar | i totof iffafTOFrfa '^Frfa to =rwt 
Jr ffe to %ft ^ tot if tott % srfro Jr ^ff tofftot 1 1 wr tote %E?r ^ 
# tot W srfe fafrorsflEr trofa to tot Jr tott % xttoTto 1 1 frorfcr: ^ tott to 
toto | fa xrfe to Jr ttY^ to tw^ toto to tott | to to tot toe % to ^ totTO ir 

|r TOT TO3TT TO TOFTTOTO ^frar TOTTO TOTF 'JET TO TO TOFTT | I TO-TOPTYTO ST^TOWt^T 
ifaffa f^TOTO TO EFITO 3TTOTO if qfEqfTOT TO TOT | farm: <TpT TO TOTO TO 
if I w TTTOE TO if TTOT F%E TO % TOT % TO TOT ^TO^TO ?pTTOTO TOT 
q?Y WF TO ^TT faTO TO TOTT | I 

TO fipsr tr# fw3T 6 TOT %xffa TOS % TO TO TOTOrTO TE TO TOT TTTO 
% SfSTOT FT ffexffi ETO TO TO TOTO fTTO | fa sftf TOST #ETO TOT tp? f^E TOf STOTOT 

to qroir 1 aft tototfe ^ wee totto | i w?t to ftt to fa toh =toe Rww te toft EfTO 
(tot faff) to tor (toto from faff) if fafTOTroffa to Trfro JfaEfa if ffe firo | 

TO fa Efaf (TO5T %fTOTOTTORT firft) TO TO (TOT tTOTOppg' faff) if fafaTOfafa, 
3TO%W TO Efaw faTTOF TO TOTOTO if fTOTFF % XJE TO % TOT if TOT E^ff TOcfi | 1 TOT if 
g^lTO T TOte faFFt TO qT fTOFTW TOT E TO fafi E TOfaw froftW TO TOT if TOt 5^T TOcff 
I I TTO I f% TO firfgTO ^ ?ffw ®N TOT TO fTOTfro TOTO if arror^f ftcrT I TO% fTOTTTO 
TOfe fiTTO% % TORTTO TOT 5TTOT TO M|TO R TO?T ^ TO TOT3TT if TO TOT | 

(Prorr frorsf ) 6 i 

Ptto 

1. ^tror, i°, 'To TpS ?TOTH ; 1956, 237-252 
2- TOT, foTORo, 'TOE ?gTTOT, 1962, 17, 96-108 

3. ^TOT, froTT^o cRT TOFT, TT?foTT«Fc, 3Ro ff?3TO BtTOo TTTO Hl?o, 1972, 19(4), 
403-405 

4. totot , t'o cFTO fronr, to°, toto htto© ?tot?t HTfc, 1972, 20(4) 

5. TOTTR, T^TFo, c TOE f^frofto, 1969,44, 1457-1460 

6- frorr, xt^toTOo ott frorEf,xT?rot^ro. feror nfFTE ar^o 'rfkro, 1975,18(4), 281-288 
7. TOR, 3nfo3TTfo 5PTT ftR, %o^5|o, t?TTE fefroTo, 1942, 17, 582-602 
8- %%R, %° TOT trfirro Tfo, 1931, 20, 518 

qR^ ' i^ q T , T^Tio X^o, Chemistry of waterlogged soils, TOTfPTfTOTT qTeTOTR, 
1964 
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srcfc ^ qrc*? f^rwRt tfsrarsfaEn vx 

%o gr o 5fWT?ft 

3T3% 37f*ratfe^ s^Tfearratr, 3533 

[ 1, 1979 ] 

qRT$T 

5T® few *7 37% 3f37J?r (0, x) *T *p5T %| T7 37% 337 % 733 i%3KT 
77^337337 T7 s% %■ f%7j 57177 |, 13337 % <rfT33737 f%|[ # 3 37f%7 

33m? | I 

Abstract 

A note on absolute CesS.ro summability of Laguerre series. By K. B. Lakhani, 
Government Engineering College, Ujjain. 

In this note, a theorem is proved on absolute Cesaro summability of Laguerre 
series at the point x=0 under much lighter assumption than that of Singh. 

1. 3Mi f% %a n «Hd 33T f=ld+ SjiP^i'h <7737 % 373537 {$ n } % 37 

f33Kt 3T733T3 a n | I 33t Sa n % 3777 333(%T (C, k) 3T I C, k j-%33hT, k> — \, 
3f7 3T%T qfe 


srfWTt I 

W /(x) e L (0, 00 ) % 3%S7cT 31% 33T fdH43 | I 

/(x)~ 2a„L ( “\x), (1-) 

n~ 0 

' 5 fi|T T% 
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%o qfo srarqf 


I (a -r 1) ^ a ) a rv= | o « * *“ L T ( X )A X ) dx > 


xn% L^ a> (x), a> - 1, xTcp ^rfe srp-? 1 1 (l-i) k-^i fef> q>r w-^t x=0 

qq feifefe?icr | (%feq, ferr [2], To 272) 


ttst fe 


o'; (0)=M,; Aa+1)}- 1 f" e-> y 1 L« +k +" 00/00 4y 


,k _ n A k Ak JL 


,K I ■ \ / 4 A ’ ==- 

« \ k / “- 1 fl 


'A <1* ^ 


“ At 1) 


snfr ^r?r ft q fef % ([l], 322) onfe !$ofr q?r qrr fe^rKt tt 

fwiffer srfer Tfettfer fort |: 


it>a + 3/2 — 1 <a<0 %fferfeTt (1-1) fef x=0^ 1 C, k |qfeq?ftq ?>ft qfe 


<£00 I dy=%t). 


i-O, 3^C 


Tf# fe 


I £00 I _y _a_7,is dy< oo, 
J 1 


0’)= C ' J|! J> a /00- 


2. qqrg- few *f Tf^?T?rr (i*5) % fth tt srfep qfepgrqT (2-1) oft fe 
| ^ ^ qfepeqn ?r p-qf arffer eittt fe snffe ffe 1 1 sfg *r tup sft stst w 
ffert tpiT ^ i ^q ffeqfefer htst ws qfef 1 1 


srfe fc> a+3,/2 — l<a<0, rn ^ (1*1) X=0 qr i C,k fpft, 


< P(0='j' i I Ay) I dy—oi^t </<(0i 
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t-± 0, aftp 'TfcfiTOT (1-6) ff4t |, 3f^f f% TTO ip(y) * f^TO fa 


tin) 


<x 


(2-2) 


3. sr%2T sft% % ^ 5tfr ctfr? % Prefer ym 1 ^pT sto ^R% (%fer, 

^ft [2], TO 177 240) 

STO^T 1 

Trr?rr f% a toss TOrfa^ tott I Tfa c sfh: ^ fror totop fatpfa f, rra - 


n^zc 


Cw= 


j^-a/2— 1/4 (« a/2_1/4 ), - ^ X ^ CO ; 

0(n“), 0<x<|. 


(3-1) 


-■ a qg ft g 2 

Trnrr f% a TO=3j Tfa |, ai>0, 0<p<4> ^ «->oo 


max e-*< 2 x°' 2+1 ' 4 | L' a) (x) |= 


n ait-lli } co<X<(4— i?) «; 
n al2-V12 t x ^, w 


(3-2) 


4. 5T^q qrj tjqqfe 
([1], 2*3 323) % SRW % 

| a * ( 0 ) _ (T ^_ i (o) S < {r/a+l)^}- 1 ^ e->' 2 | #00 i I L«“ +A > (y) | 

4 || A« + l) f” e ~ yP ‘ 1 *00 1 L n-l' U oo 1 ^ 

=Af(n)+JV'(n) (^Wi fa) 


(4-1) 


TOT fa 


*»-{*.+« car +r„ + n +)>'■ > *« " ***> 1 * 

= Ii-rl t+h+If 

^3-1)^ (2-1) %5pfar?T 


(4-2) 
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%o ^to 


0 (n a +k) 


f C,i e -? 12 I <Ky) I dy 

J o 


= 0(« a_1 I 

5^ 

I L \ = 0(n a '*- kl2 r 1 i i ) P j-a/2-x-/2-i/4 | i(y) | dy 

J cln 

= 0 (n a,z ~kl 2 ~ lli ) 1/4 +^+ * + 1 ) 

P y-ait-kl 2-5/4 0(j) 

J cln J 

= < 9( n a/2-i;2- 1 /4) ^-a/2-i/2+3;4 j 

~\- 0 (n al2 - Ul2 - lli </>(«)) P y~al2-kl2-W dy 
J Cln 

= 0(« a,2 ~*' 2-1 ' 4 ) 4- 0(«“ _1 <A(n)) | 

J IT# J 4 TTT f%? ([1], To 324-325) % f%TT I l 3 ?t: *tftt % 


#(»)=■ 


-T(a+ 1)« 


(r +L +J! + 11 ) "" I 1 1 Ml * 


=Jl+«^2+ , ^S+*ri- 


(3-1) sftr (2-1) TIT srafr ^ TT 


Q(n a +k+i) 


rein 

I <f>(y ) ! d y 


=0{«“- 1 </<«)}, 


I jg | =OCn a,2 * A,2_3M ) P I 9^(j) | j-a/2-*/2-3M ^ 

J c/n 


= 0(n a l Z ~ kl2 ~ 3 ' 4 ) a/2-*/2-3/4 

P y-ali-kH-Vi &( y ) dy 

J cln 

= 6>(„a/2-£/2-3/4) + 0(n a -I */,(«)). 




(4-7) 
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J 3 3fk J 4 % fm fef ([1], To 326) I 
3Tcf: sfTt fe^ ft orrgT 1 1 


r 1 \ 1 

qfe f *T 3tr% T*fT ir ^7 j % TK log - i 


• tttj ft stot 1 1 


St^l 


3 

fe>a +2 q=r — 1 < a <0 % feq (1*1) fe=j x=o cp; | c, k j-y'cf.wT ftrt, trfe 
fj^) 1=0 (nog j), 
t-+ o, ^ srfepsr (i-6) q>r w ffe ft i 

fcRraT-5TW?T 

STo tmr % 3TT5T gSKtrf ^ wf-wr 3T 3RTcT SfTWRt f I 


1. €fanr f%f, fefR qfere <H^Ft qfe^T, 1978, 21, 321-326. 

2 ■ ^ft, sfto, Orthogonal Polynomials. Sfito tfoo KTHTo. 1967. 
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^TfT, cf«TT t 3 ^T 

[siF-T — 3R<pV 20, 1979] 

HRT 3 T 

sfurnj srfrTfixrar-rfi^ firm gra 3 cq% 55 fm m ftr’sro *r ferenf^nr ^mr w 

ttst ?rpt % *rs%mq <k m wim g#r qr wr=r |srr f% qfpp ir ?mr % 

wqtppr rr srfe frat 1 1 mm pr% f^qfi^ rpstw ir ir k\-smsi fcgfa # 3^ri% 

if fjra fimt 1 

Abstract 

Effect of tetracycline os the photochemical synthesis of sngar in the mixture 
of Jeewanu. By Krishna Bahadur, Sunil Kumar and Usha Jyotishmati, Chemistry 
Department. Allahabad University, Allahabad. 

Tetracycline, in the mixture which shows the photochemical formation of 
Jeewanu, increases the formation of sugars in the environment medium but inhibits 
the formation of deoxyribose in the Jeewanu of these mixtures. 

qftf^PftT ®pt fss m m v pkm «Rfnr f^ff ^ gt=rr wr fcraif 

srrfrferrr-JTifdcSd, 3rrnf?m friffsp Tmz, qrrafcsfi^g- tnf mm *rr w i 
^tfpfr [1 , 13 srpt, m . strt stf: m , [4J crarr #t st^ff [5] qrr 

p qfp r fe qtpjRtrar if pr qfpp *rrs3W sett if 5 # qqf i 

arsf 5 PPTT qff sufrwTT qt srq% ftr^K srp tx =|% 1 1 q^pr- 

qw [ 6 ] ?r qptqrf srhst srrt y tePFwr gm (imtm 60 pitr % jtrjpt %) qq qfl g aisp 
qtf fqpqFr gm trfrrfqcT ferra tnf ff-3?R€f forra qtr gsim fenr *tt t aftft [7] ?r 
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fwr gfrf x, fan ^ -rfftfeife 

m feratfefn® afa % *rfm ftsra* * fefta *r 

w&m f^TT i 

gffeig spt 351% TT Hpmmtfe ff 3T«r4T sfMtfW'PT SPHTS - ^T 5TT ^ | I L8] 
ttgr ^t qqr | fe offeng q?r 3cqfe if qrq ff nrq ^q?ffe ^f?r^ srrt qft nrar if 2.ciiqi?fenT 
3?r sqferfe if fTcfT | i [9] 

srgg Jf sfr^rg gfer s^fftr f^mf if sgp^T % str! qin sffecqfe it ffjTqT^ferq 
sft spun* ^r w 1 1 


snfencJPP 

5 pftg ^ 3TT% =TT% fefrfefen fePT'TT qff 5,1 TT STT^cT Sin if ^»TUIT ’T^TT I 

l. s mfffim ntffets 4% (W/v) l 3 rr 4 ^r 2. ^fsmtfenr fT^fr^r wfer 3% 
(W/V) 2 smnm 3. differ fern : iwi amt % fer ?Mfenr ^fra^, fttfwr *rete, 
t Tg ife fefrfenT ?fe>£ tTg 'TtS.fgirg ^TCsIsf'M'T qfefe if % STcfe % 0'02 rmr 
qft 100 ftfe° ^ if afe ’TUT I 4. qiTqfein'fS' 36% 1 

offer's fesm an h % f%ir qfn ^npn^Set) afei nir i srfep an ffear amt 

% ffe 250 fifef° anfCcTT ^T# q^TTP^ if 30 ffef° 4% ST^ffen? qffetn, 60' 

final o 3 % igT^apflfenr fifffer qfea fee 30 fqfe nrffe ffenn fern *rt i ?n ntr 
qnrfef mr margnmn ferfer if 1 5 Tfe ma me srra nt cff fen w 1 fergman % 
3 RRT gg f qRTTWf if SSTT qfe 3° fqfe 36% >wfesfrpr sfafer ^ (Aseptic) ftfa 

gorr ffemn mn i 


0.5% izmi fe mn tfern tg^r ffer sra fen srenT ir armr smn nnwfr if fnninT nm \ 
firsm (i) : o fife° fernifenn +- 30 feat® awn na 

fe9Pn (ii) : 5 fifeo %HT^r^f%?TfT -h 2 5 fnfe 3nnn mn 
fipsnq (iii) : 10 fir#® ^iqTS.fq^Tq + 20 ft^ffo STTHcT 5T^T 
frr^r^T (iv) : 20 ftwfo fer?rr?fq?irq + 1 o firaf° ^ 
fg^TJT (v) ; 30 firaf ° S.'iittiifq'H'i fo srwtT 

Fq^ o if qft aft %iw qqr sftr ^ 1 V?tjr % f^- 6 srftftq %■ 

ftpqsr ^ q?? fen w i srqfe qq snfspnn 3 fer, 6 fer 10 fer % snncrT qt fen w i 
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srt^T ^fwsrf 5 ptt qfen: #ff if ferr w 1 5n=w (for^ i) ^fefcabpr 

% ff# SRpRT fw W I 

srakr qff qf^r fsftw stct q?r *nfr i *ftRrq> % ^hi<h4 

stssrrt % Rttt f%=rr w i w srtRt if fefer f^n^raf % *rfiwr % apt rRt w: 

% ftr^pji f^5#5f«i fj % %<t srpgr {%% *rir 1 

fetra - : sra- :: 80 : 20 , 

n 5^>riw : ^TTfeP 3TP5T : ^ :: 80 : 20 20 , 
n s^rRr : 3TT5T : srt :: 4 : 1 : 5 

sreRq qrr tnf arferfe % anr sraqgr qr^mf if Rr^rar qi^Sc 

1 1 w% qrr iv*fl<rtH if *fp fern sfk smlfam- Jtftc Rrt w I 

srnj fprirskm qff Rftc ^t ^tt€h if srjh fq?m if pfaT mr \ ^r% grc ^r *m 
qfr if 5 Rhh: ^ *mr qrr fir w qrr qisr if io Rms cn? w tot i : ^t% 

tor to ^ TOir ^ sptot to TOfrofa refer tort f i w TOfeffr ^Pa^rarf ^ oferc 

TTTSirqr TOTT ir 5TT5T ft l ^ tflfPft-1 if 551% TOT | I 


torto i 

RfronfeR % faffer tosrtt tort ft-smf qft ^ferrerf if sirotr to 3 for, 6 fro xf# 

10 f fro 8 M<fita«t 


frorre reRfTfror yi=ti <r 


mzFT, fao 

3 fro 

6 fre 

10 fre 

0 

H<W 

froRr, tototot freRr 

fc^RT, ffeTOf fRafe 

5 

r<«N w 

rcsro, 

k*ra, stai-wi k^to 

10 

fRafe 

fRafe 

freRr, ’^tiRr 

20 

r<«fRT 

frorer 

froRr 

30 

{roRr 

r - -\ 

K3TH 

froRr 



14 4 


^jj «Tj|TgT, Sjqte qpTTT cT«TT 3te tetfotet 

3TT«ft 2 


tercnffopr % fatten frracrT srte tester % qfor jn^nr Jr srqfo q?r 3 fo, 6 fte 

gr«rr io f for tt srtetqrq' 



- <-\ 



0-5% tewfo 
qq te^-ciq, 

fwlo 


3T^fffrcf 5r^rr 

3 fo 

6 fo 

10 fo 

0 

*fqte, fote, 

^l-STTq^t ftqte, 

sterqte fote. 


wte 

wte, fote. 


5 

fote, teq£te 

fr-3pqte fote, 

te-qptet fote, 




*qqte 

10 

ftcfte, ^jqte 

fote, Kpte 

fote, tetete, 

20 

forte 

fote, qjtete, 

fote, ^qte, 



qrqste 

qrqcte 

30 

^q?te, fote 

*|qte, fote 

fora, fote 


^t teftesr srem qfoR *rrs*m h 5g?q^ qrqfo w qfoqpr : 


srffoT : 

(st) api f^g t ysR^T’q : fo *rn srtete % 0.05 tete° qrr arrcm fw tot i 

qqr W\ sjtem: 3F®T: w^r % 80 : 20: 20 (v/v) if ftefo<JT %fo % Ifo 5Tf qq- fter 

w i jftPrqi q>r fterr^ srrcrcr 3r?r sttt forr qqr tr# ^pt amm 3 teteo qnc f^rr w i 

(srr) stwqt stt^r : sfosf forcq qq 3 teteo tr^ c^ter Jr tern w 1 80% 
fqtete qq O’l teteo ^ter ?rar w 1 fwiq te %rte §q qgq^fo sp^r (a- r.) qq 5 
tete° qft qte ^rar qqr i qsgte fforq qq 15 ffoe % ffo tere w for *rt 1 ^r tesrq 
qq STRcFT 3TORT spq qft qfPRq ^ 15 tete° ^ fori *RT I 3iq?qT ^ q*P3Tq teW 
Jr qte qft tesrqr qTte qte, fter qter fosr qq spite forr qqr 1 



w$tt qR zzm\ 
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fst?m 

TO TOT 1 

. ^y+T «HW % f%ir 0’02 ^TTo ^P»PT 

STT'ift 3 

*TTTO> ^TORT TO ^nWf^ TOTOR 

50 fa^fr© smra ?r 

*o 

*n*T^ Jf>T 

5T TTO> TOTO 3TR TO 

W \S 


3TPTTO (f*T*fro) 

sTFra^r (ft^rro) 


0-5 

2*5 

57 

1*0 

2*0 

121 

1*5 

1*5 

177 

2-0 

l-o 

244 

2'5 

0*5 

308 

3-0 

0-0 

370 


4 



TO FTOTO TOPJctT WWm ^ STTO^-ITTOTO T* TTO 

TOTO TO 3TTTOR 




com ft 0*05 ^FfT^ *T 

1 ftmTo IT wc 

TO 3TRTO, fw 

o spbtt # jtptt (ferro) 

5Rkr (fararT° ) 

0 

132 0‘46 

9*2 

5 

121 0*42 

8’4 

10 

84 0'29 

5*8 

20 

68 0*24 

4*8 

30 

56 0*19 

3*8 
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g^fr^r f*rrc erar siftf^Tert 


HTT'jft 5 

feRTT^RFT 3?t gPS?TT ^T% firsrJTf it ST^RT 5nTT5FT % 

c45? fer ST^RT ^>T 3TT'+^H 


f^FT 

qiT STFRffT (famto) 


0’05 f’TRto Jr 
tprt 4?t ttrtt (fJrcn°) 

1 fiRfto Jr HfeR: SPIRT 
=Ft ttptt (fJnrr°) 

0 

106 

0‘37 

7-4 

5 

103 

0-36 

7-2 

10 

83 

0'29 

5*8 

20 

71 

0’24 

4‘8 

30 

62 

0-22 

4*4 

tTTRift 6 

diraT^^RT ^t g-FScTT 31% fir^nt Jr SRTOT 5TVTRT 

% ^rt for to qq stpftot 

m srra-'R-, fJr?ft° 


0‘05 fa^to Jr 

SPIRT q?T TTRfT (fiTRIo) 

l ftTRro Jr TffssrR spirt 

^t qr^T (fiRTTo ) 

0 

86 

0-30 

6.0 

5 

93 

0‘32 

6-4 

10 

87 

0'31 

6*2 

20 

82 

0-29 

5*8 

30 

72 

0-24 

4'8 


'Tf^TFT rT«n fa^RT 

^SRrTffqror q?t grarr 3fRT q ^ qftgr *ttsjrt Jr srakT # Tn^rr ars^t gf ?rra fitft 1 1 
^tt ara^n^T snq^r-sniRRr % dW: fe^r ft ft ^rrar 1 1 sr^Rr-spfrm % gjst fer qf ^ir *nrr 
f% 5 f*mt° iditti^fw-i ?rracn qi% fasm Jr qg% s£t ar^w srrqkr ^t ^t^t Jr ^rcr ft w. 
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srqRT <tt feRfTffenr spire 

ftrei; fk firepif % t rfor< itript if, fsrerif g g im^Fqqre # Vfzar srfsre ^r, ^qrif srerer qrr 
q^rer stfaqr jft *rt i sr^Tssr-anRT^^r % 5 ?re for 5 ftrefo gsrerefipre ?rrreaT 5 it firem if 
5^: srqreT ^r «prer qn? fr *rer tn-f f^r^r ftr^roff if kTfnrPFre qff q"reT srfqq* *fr, sre firstm 
if afk qff srfsrqr #a qk kf I 

f?% fireRff if Fqqir gsTOTsfenr fecfw gfr *rr, 3? r firw q?r qkmsrf €f g?rer if 
?r^T 3re*frere qR?f qq: 5n?r §rer | fq? firsmf if ddwi# ?re qsf hrit fir % q?cfr rerer 
|, tir 1% fr srereT q?r *rreT ^f^r^Taff if wscff qret 1 1 qpfr Pr=srnff q?r qsmqsTsrf if fomr 
'dqfetcr qr 1 srqrre-sprrevr qq inre 3rFre qR% qr sr-areref Prefer rer w *rer 1 qfr feq; ^rf 
9TqRr f, «ff 5 ddl-H Rp^-i-l qre fiRPT qq ^foiq?T3ff if i4 =M ^1 -SpfJT^T % 5?re for ^3T 

*ret i sire Prepi'T q^reirer if fkif gcrereferre q?r grerer sprit «rf r| srerfgqr 
srqqqr-sprreq qRir qq; re qf-rerefr fwfqr q rer qrer i 

rerefefj fresprr if rejj spfw3fr (qferro) qq qqqq-rrerer rerre renrerreRR kfrer 
t, ^ ferersfrere qfqrec resrer if qgq re wq-RTsfi qff rerre if y^wq> fre | sfk 
??ff qrqrersfr qff rere if ffe rer rere qqrer-qreqqr qrer if # 5f w 1 

fqqqr 

1- WfTft, %o are RRreqq, TT?To, 5RO fqffeqi fRq; RRdfl sfo, 1970, 23, (12) 
813-829 

2. rerf, k 0 st° Fq^fo refrer, fre^rare gfrerregf 1970. 

3. ' tre, qf°, sf° refem. fre^rere ffqqfeRt 1973 

4. ^Tf° qfo, ^fo sfiffre, f ^ rerq gfkfkf 1974 

5. w, %° r 3fo fq^fo «nfe?r r fHmmq gFrqwgr 1978. 

6. qqqkqr, €ro stro, ftso fg^o 1963, 19 ; 183 

7. 3ftft, %o g^fT qrrqfT, tTo ?ffo, %^o Sft^o, 1962, 21, so 

8 . 4^14.1, %o, ■tiprrq^Fr, ^r°, 1 %?, 3 Tf qfo ft^it ^tr, qRo, ^^fdid^di 

^fo tfefq;, 1975, 15 (4), 33-36 

9. 9^r|T, %o, |^r, ttjto vRT2?rrl, qfo k°> II, 1977, 132> 

666-672 
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3 TSTf 3<TOVT 

3tRo q^o cfe q*To f[ftcT 

[5TTRT — fn 30, 1979] 

*nrm 

nnf n nror cmT nrenfe nr wpt nfefetfe it fkt an 1 1 m feff ^ w- 
fen ^sKctr % srraTT qr fen mm | fern nffe ifer m nmrrg sfk fmtm nn it mn f i 
I?fe mm n tot fq nrertn feq? nfer n nfe to % mmc 10120 , 30140 , 60170, 
801100 sfk 1801200 fe qfe W1 % nTrfer RT-1, RT-2, RT-3, RT-4 sik RT-5 % 
flfeln fife fer 1 1 fefr fens r^f fer «rc % fen ?m m - mm mfe mm w mn 
m mm mm toi | fe snir mt nsn r nfr % fen n mck n q? nk mtf if m*R fern 
+< mm n mt 1 

nrcn ^ ferm In |, nft ferfe n feT fnkt nrn nm ammr ffewfe |— wt 
fef % nfeff it nTn~30° no nm; srk %mt mm amr mgfefn sfeff if 20 c %° *r mt nff 
ftnr 1 q>mr: nit nf ir nfeff n rnnt mr tram mt mtR fet mt tfefer tfmr | nfr fern n 
mtf % fefr ir nm tram nr 3fl tranr 1 1 

jjnkif 5 rt lm mrr | fe nfe nnre n 2 nfenn Miffed m? fern fr rnn nr nn% 5°fr 
it mfe qfkrnn nr nrar 1 1 nttmr nra: fern |, nw nsnr |, ntfe mranr 

qknfaa ft nnft | mn mT srnra mn ft nrar 1 1 mn nra nr ntk' fer mt fetranT mn 
ft nrat 1 1 sretpr fe if ms? sro qf fe f fe r ^t nfen ffe w 1 1 snk % 

■fen fen tU'hki'P <q-si m qnw (fei nnr ^ 1 
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STTTo tt^To spn cT^T^o nfo 


Abstract 

Use of rubber in road-constrution. By R.S. Shukla aod M.C. Harit, Central 
Road Research Institute, New Delhi. 

Since long the bitumen and tars are being used in road construction. The 
classification of these products is done on the basis of climate and especially the 
atmospheric temperature. Keeping this point of view in mind the Indian Standards 
Institution has prepared specification of five grades of bitumen i.e. 10/20, 30/40, 60/70 
80/100 and 180/200 and five grades of road tars i.e. RT-1, RT-2, RT-3, RT-4 and RT-5. 
While selecting the binder for any pavement layer the basic consideration is that it 
should not crack in winter and does not flow excessively in hot summer. 

India is a large country where from Gilgit to Kanyakumari different temper- 
ature conditions are encountered. Whereas in Leh the temperature drops down to 
— 30 c C in winter months, in Kerala and other coastal regions the temperature never 
goes below 20°C. This leads to that while the roads in Leh are more susceptible 
to cracking in winter, on road in Kerala bleeding normally occurs in hot summer 
months. 

It has experimentally been observed that by addition of mere 2% rubber in. 
bitumen its properties are modified. Its penetration is decreased and softening point 
is increased. Its viscosity is improved and temperature susceptibility is reduced. In 
this paper the improved properties of rubber/bitumen blends are studied. Only natu- 
ral rubber has been used in the study. 

STTfftTsp ^ | T«r? % 3TTT ^ | sft ^ 

fST Sfdfa ^TcTT | i % rtf ^ =^R t* 3TR7R ^ 

rrt | cm *rnr <r nm fen nmr | cRn w 

| i <stn w 5f?r mm 30 srfera frdf | srfa 70% frnr 1 1 

fnnfa *r w 47T snrnr n 70 nfein ftcTT I sin w mm 

3RoT 3R 40-60 nfelcT ^ % ^TcT | l ^ fell 5RTR n | : 

l. fen *r t«t? 3?r snn srrr 3 % nter nfer n 

| fenn 73 ? nt# fs sncft | nn snr sn | i srn fenr *fR srntfen 
^RRR 3% feR 3FR fen 3Fim | i 

2 - sncqfeff fen n srfep nn ^rr nrMnnn sm 3 R 

^ feR fen ^rnr | i 

nro ^ srferf nnnn i*6 nm en | i t«t? 4?t nnsn 

sn^n^rrsff ^ nrnnr 12 ^tr sn w ws | 1 ferfn it sfer 

nfr fer tott snfm n*fr ntin nf ^ fenr ^nr tot | 1 



RR-ferft if tr? w Rpfft 

SWtTTT^ 
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TSTf/^ror fetft fefsr : mr ^ sr^Frf rpt | sraiTg- arar wr rr o*2 
qferg % aife qfr fftt Rfe | pfc ^ rr o-2 fewr ir qfe fr spgt | gt Rt rt 
rr w rr «rc% rir | 3?k rrpt if Rftt gfe ff rr 1 1 %fer if Rr wf *ttr rt- 
rt "0 sfera ftir % wri «pr if few rpf rrttr # srprwRrr 1 1 sfr ^ 
w h+r %■ fferR 'Stidr §■ : 

l. fwc.HHW ft«Ku : ^r fen if rr w wr rtrr if rppt 170° %° rp 
rt w: %rr 1 1 spr # rr rpr srrtft rr wr | sfhc arm rr rpt fe % fe #? 
ftw rr 1 1 ftp: ggif fe-nft %fer fernr 1 1 r*r w'niEW rtrt 20 ifes 

wt I Rft apr rr rpr *g aptr 1 ir rr rr if rr rr rsrt %fe Rt rr: % sirt 
€ ft %r | afft Rr rpr rr: if rrt rr if fefe rt qqf 1 1 R*pf %rrt # rr 
fer SlPTT^r 5PJPT if fer fi 

2- fefe 5 pr j*fem fern : r? ftqr RRCRfer few ftft % Rft rr 1 1 w% 

felT ? 50 ft° Wo 3PR W 50 fto Ro fe£f % fe P' fe oft |, ftR few? R 

Rftcr RR RfTT RT fe RT RT few if ftfet afe f sfft RRT afe | 1 ap? git ITPT 

fen %% | war few wr wp sfft wf rrc if sk s?ppr p fipift | sfk to ^tcT 1 1 
few % fe wr wrfeft p ctto % spRur spr R ftrfe p affe ^fr fet i 
^T fear &!TR fr fe R RT pfe if Rft | I 

few §rt ^ 5p3 |3p | f% 2-4 Jrfwra %ferfeTT% if few^fepf ?r|f ffcfr i PR 5 
fe w 3{fe ptw w wr ft^Tf ^ ?if w irwff % fef fe ^spn fft ?praf | afe 

RTR fe RT 4R I W: srg^f fipspi ^f WT TRTT I RTf 5RT WPR % fe- 

^fe fiT 'FTRoff 1 if fe Wr | I 

3TOJ:!fepr : fe ( 1 ) if RTPTT WTT | ft> ffe 5RR KR % W*R % 3RI:4RW 

if 3p3T 1 1 ^fr-jff ^ m^r fer | pff-pff 3 ?rt:5t%wr «tew onw 1 1 

JTW sftft SPIT R 3TW: srirspr aft 53 sp R 12 few Rf fefPf *R R 4 R 25^’RTI 
fe ^5 WTR if few 3Rf:5l%5PT 35 | WTR RPt W 3W Pfet P' RR Rt ^t 
WRRW | I TPq; SRT 'Tfefe^PTR if SRWSTRFT fe R fe ^ff fRlT 1 f*T% 

siftfe apgisrRpr wr fr% r wmx ^t rr ?fr w arfe ftft 1 1 

ftp* t w feprr W I ft fe RR T^f 4 ft RW gfe ^ 3RI:5m^T wr ffw 

1 1 5rnp^r ^ ^ Tfcfe wfr gar | r^ w w rr srfe frR angf | q? 
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snro trssfo OTT T F° ^ 


+ Jj>£ life ll^%^ 1 
+ 03/09 IMS 

+lfej£ life life} 

+ 0 3/09 mis 


Bfe 2 % ifei- /+ I 
+fe>£ life l|fej 
+ 03/09 i±u£ 

Bfe%% ifei. %3 
+ fe+ life 1 plW' 
+ 03/09 Xi±i£ 
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# rgrf wh 153 

ft# ^rrdt 1 1 ajfenr Mro srffer ffe ?r oRr.sfem ir 2'5 3fo 
# ^t 3t#t 1 1 




smm 


3RT:sfeH 3W : 3Rf:5m^ 3^ «FR ^T trsp ^TT g^T | 5fT 3*T% SlRfisfenT a«fT JT|- 
^jrot % armrc qR ?rra fen snnr 1 1 n snfnr fi% ^rr % n# fifem m ^ % 
mv-i-n % fen -»fT tt+ot ^ «fr PiH M+i < f : 


5Rf:Sf%§K 3^> 'Sl-H V =r> T£0J 

— 2 % W S3>K % sl^K ^T «FT % ft^RT 

tt anniKd frarr | 3m#;wr3nr ^ 
srrnrr Rrar | ?# #t sms 55cn anm 
| 1 n?TT 3RR ^FfeTR % W ftcTT | I 

-2 1+2 ^ rt srir % srarntfr snzn^nrr n*rr 

I nr?ft wot srefer 

*f# f i n Jnfhr fr% spr wt 
sj’ft n 31# I 1 
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3rrc° ttro ^rr rrt rro #o 


4-2 % Rffa w % rtrt fa srrtprrt rrt to 

% RTR R^fa Rifat RfatlcfT RRfat rrr 

ftfat | i w fa rtri 5tr: rtr#- 

fTcT I fafc Rifat fat RRRf RRTfa if 
STfrfi f^ Rlfa | I 

f%R (2) Jf rtrt % RRriRtRR rr rt rsrrr ffaRT rrt 1 1 fa ffafor ffar | fa 

3RT 3# RRf fat RTRT RSTf Rifat I RRTrRfasTR 3TR RfcTT ^rraT I I 2 RffaRR 1Rf fRRR fa 

^ 4r i-3 4 rsrt 0 t ^trt | Rff 8 a-fcwcr % sofa ?rr ffafaR ^rtc Rff fRn 1 1 %$% 

fafac! f!cTT I fa RRf RT RTR RRR 8 RffaRR RR ftcTT | I 



fa 5 ! 2 - RRTzsrfasrR rr <tt fafaRT trr rt rrtr 


^MHT : RTRR fat 5RTRRT RfR-ffaRTR RT RR ffa%R jjot ^ | gf#; 5JIJT fat Rf RPT Rf 
| ffa RTR % RTR RRfat 5RTRRT fa RR fa RR RflRRR ft I fa# fafasf RR fa r#r ftfa RT% 
RTRT RT RRT =JT# ?RR f R RTR RT SRTR <<SI R7RT | fa Rf Rfaf fa RJRR R # fcRT 
^5R ft RTtr fa RTRTRTR gJTT RRR RTR R? 4 RR afa R#t RRRt ?RRR fcR! RT RTR 
fa Rf fRRR RT Rffa RR I 

^R ffaRT fa TRf faRTR % RTRT % jfat fa RTRt RfaRRR fa^RT RRT | I faR (3) fa 5RT- 
RRT fa RTR % 3RTR 3TTR RTR RfTRRR RT RR?RT RRT | 1 Rf RTRT RRT | fa RRR 2 Slfal R 
TRf faRlH % ft OT! fat 5RTRRT fa Rifat Rfe ft rt# | I ^R% R%fatH faj# RT fa?T fat 
^TRR fat Rifat RRR RRT ^RT | Rfa RRR fat 2 RfaflR RRf iRRT # RTR fat RRfat 5RTRRT fat 
STRT ^ RfaR ft RTfat | 1 
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few 3: “3? 5 te ?m ^t wrar/ crrq- % 


iTTr swr % guff ^r qft#i ^r% sw jt^k # Sr w^nt gi | 

fe?r% 'tfferm wraft fe | ! **twt §^ fefr gfewi I fe srfegr w 3fec 

fei?iq=r, < g£fa JT55fr t fftnwg % m if wfr gw w ww fr wrgT | sw spsrc % 

spfer fe^ wnt 1 

fafw 

1. fawfe W SfifrfdW ^Clf WT 3WPT” ffefeww 3TTW TWT STs^T 

fofe ir?itfa^?T, 

2. “Tfe Wfe ^o 36’' *fesft 5&5WCt STffaH, 

3. "feft€ Wo tT5To STRo 370” stTWWW >fto i\o trg 35550 5?fo ^Tfwfe^t-^Tf ^ apj- 
WWW SpfW'iJI H I 

4. "^Tfe fere 1961-62” *r?w> atggsjw resw 

5. “?ll% ffefe felt go 273 (1939)” WT^R fro sTo 

6- 55B sm 5Tf47 fferro” %re, wrafefe p femfefemTg, wg 1973 

7. "ggg g^j gm % gw" ttho 5W0 fem rrttms gwgw 10, ys 296-305, 
I960 



Vijnana Parishad Anusandhan Patrika 
Vo!. 23 , No. 2 , April, 1980 , Pages 157-159 


Tm t sfh srk w*t 

%otlto fcRTU cUTT 3TTC°St° fdmS? 

FfPR faqR. fHT^iaiT? feqfeqTHq, S*n|Rt 3 
[srra— qf 7, 1979] 

?TTTT5T 

JTO % 5RR ?rresfT qw, %qRq, 5f#T, qiqT q^ffat SJjfefpp SPR qq 
-qf(-) TR3 W sthMwi 

Abstract 

Amino acid content in TaccaAspera. By K.P. Tiwari and R.D.Tripathi, Chemistry 
Department, University of Allahabad, Allahabad. 

The roots of tacca aspera have been found to contain D{— ) ribose and also 
glycine, valine, leucine, y-amino butyric acid in its protein content. 

ztw -1 qmT (%qt ttn^PPR, qifrfqq qq qpR qiqT qqqfq mh* RF if 

qm srraT 1 1 qq qfq qr quq if m afteWr if ftSnm fsrdqPi if tpfiq ftR t?t | i 
# qfaqfq st^ctt qf rr if qqq §q qq qTqRRq 4 <ra q qqr w 1 srfqqq 
if tftq ir qqffqq qqiqf sprt qq q#qr tt qqq f%qr qqT | 1 

yqlqicH'f cRT qfvqm 

qtq if ^sfTt qqf qff tt qsrr qrrpq qq ewiqr qqr 1 tr qf qqf q qqfqqq qqfq 
qrrqf qq qftfqq qqq (wqqqfq 60-80°) % qrq qrqqqc qqqrq §m Pn-+l4d 1%qr qqr j 
qqR%r rftq % qq (500 trr°) 1 qrsq qq % qrq fqqpn si k qqrqffq fw 

jrT 1 ST<Ulq qq (t?o 1) qr 0’5 qfsqq qrfeqq ^TTfRRTTfs % fern (800 fqqfo) % Rq 

3 srq gq ffqqpq ^r fqqT l 3R%q f?f (q° 2) q qtfqqq # % fqxr q% 

<TRt % qqfqfffr qUT affr fqq qq 80 SikiMd qfqq % qR 24 q? cR> qfeqfqq qrq% 
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3 TPT %qr i smrq ^ (qo 3) if qT?frqq q?t qqfkrfq qq q?rf qfterq qff fqqT 
qrq garr f% qft if qq qqf sffsfq %q qgf | 1 w sqqr qtt qq *F^q srktq qfqf f 

sq qqr 1 qq sr^k fqsqqf (100 ft^fto) q?r srqq w 6 N ^frqqtkq? sfst (25 fqqfo) % 
qrq 16 qt: qqr qqqstrqr qr srfq*qfqq fqrqr qqT 1 s^q? fqsarfqq wr qrf qfTwfq tqRfr 3 - 
^qq? ^qq? fw qqT qq gr^frqqffrq? q*q q?t qqqsqqr qr anwr fffq qrcr fqgqq fqrjq 
qqT 1 sft firqTqr?: qmq qq qqr fqrqT qq qq? fq?33% qRff qw sprtfqqr % qfqf qqq # ^ 
% qm *nr>q sjarr q ^ 1 sR^q? fqs%fqq qiq qff qfT^s: ^qrtgq % fq*q?fqq f%qr ark 5^ 
sttb qlqf ^qqqgaftq fq*q?qf «j?r trq? qfqn: if %qr* fom fw qqT 1 ?q firfstq fqsqrq if qqftqq 
$qkrt apqff q?t arqftg'q q<qqq %qrq fqfq sra 'TgqrqTqqr 1 qq%^rq if s^tw, ^qffo? anq 
(1 : 5 sno/sqo) qff fcpqTqq? % q;q ir snpq fqqrr qqT 1 (fq?nqq? % fqspq q?> 24 q£ qq? qrq 
vsx qqT «TT)qqf%q q?f qT$ *f 24 q£ qq? rprrqT afk ^r qr o*i qfqqq fqqgr^ffq % ^fhfk 
Jf q% fqqqq qq fssfqqq fq?qr qqT 1 arq %rqq<?qq? if 5-10 fqqq qq? ’pTm qqT 1 fqfqq 
^qffqt 3F5T artffqq qr sft% q^f % qsqf % q?q *r srq?q fr q^ 1 ?q qsqf % R f qra fq^- qq i 
fq Rf q?f gqrqr srTqrfqq? ^ffqf anqff % i?y-m q q?t qqf afk Ft TfqTqT qqr 1 stth ^ffft 
apqff % Rf qrc<qf 1 *f fqq arr q| 1 1 


qrrqft 1 


^qfqr qrq, qiqifqq? 

Rf qTq 30° qq 

STO R f ^TR 

Tqr^qfq 

0’24 

0*240 

qnrr ^qfqt a^fekq? arrq 

0-39 

0-396 

%qT?q 

0-53 

0-540 

^;qfq 

0’68 

0-678 


^npTTsff qft qqWq 

qqKfgq % q;qq?r^qftq fqqqq q?r qw qTq qq; anqqq qFf ftfq sttt qTfeq f%qr t< 
qpq fqqrq qq snqqq arraqq sm ^sht w;t fqqT qqT fq? fq?qq qqq^ qqrq if qfqqfqq 
ff qqr i qq qqq% qaqq q?r fq;T q ^frfqqq ^qq ( 60 - 80 ° qqqqfq?) «fr fqqT qqT qrfc qqr 
pi qqfq qqm fq?qqfq qqqq qqrq ^ q qTq 1 arq ?q qqr«f qq o - 1 qTq %q?r: 10 fqqt° 
sngq qq ^ qq qq% qfq fqqr qqr 1 ?q fqqqq qT 1 fqqf ° ^q% 1 fqqr ° %|fqq 

fqqqq — 1 3 ffT 1 fqqt° %|fqq fqqqq _2 fqqTqr qqT aik fqqqq q?f qqq^qq; qq 
10 fqqq qq? qq fq>qT qqr 1 fqqqq $¥T q?kr qq qrqiqf qtq qqqq qra faq fqq^ - *r 
qqkr qqfkrfq jfk ff 1 



WWT t WTfeWT fefrqt 3F5r ^ 5few 
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sfew # 4 fern «sh<1^i wire ^ qq wft fwfe ferr : t!,wRw sr^r : 

W?T (4 : 1 : 5) Wt fir^T=F 7 < few I FTf STWRT few WIT I fferfeg WFW qq W§ if fW- 
qry i^feqffe fr^ffew «t%s srcr fepg wit i 3 ra wfew qq feaw? ?r ioo° %° tc 30 few: 
wf wt few w 1 w*r 5 fe www ww wm w: srm fsiT fenwr Rj 0-31 wm wn ferfe 
st-feffe qfe w% §f 1 wf |w: #n w w-fefer' qg sr rw fe qr fferwr wrrwt 

%feqWTW %■ wfasT % WF WW WTTW WIT sfe |?RT gWE qfe % Uy^'lffTN fewfe WORT 

wit i w wtwt wr sfferw: fenfew 3 iw : wr (4 : 1 : 5) *r faffed fewfeg qr* few wit i 
^ rfe % qswq; ^r ulfeffe fiffrsrq wfe: ?r fefw wrr 1 fef% ’fe wnqg wr fferyrwwF wc 
wf few 1 wm qr ?t wn fq ffefe R/ wnwr wf ft % 1 w gHfefer wt yqfeqfd 
gfeff i 

feWT 

1. wtfgqrr, %o3TKo gw WRJ, W°gto, Indian Medicinal Plants-WW 4, ^ 2476- 
2477, 1935 

9. wtqw, 3fTToinTo, W, irgoTT^ro gw =qtTfT, iwfofeo, Glossary of Medicinal 
Plants. WoTrgoSiTfoSrKo, qf fefet ^S5 qWTT 238-239, <iw< 5 r 1956 

3. fed WIT %S<T, The Chromatography, <TO 203, WiTW 73W 

4. qfT, W3 159-160 
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srarrcHta fft % q>?nT % Srsfmt snrer 

snreftT srai? 

OTR fawm, *Tv5 Rfosr, 

[aro— Rf 16, 1979] 

ORTST 

foR p to HfrraT % ariqfcp smr d r, qfoRafr t t refer fft ^ r rt 

5TfT ^TR qfem Ir ffeTR feR ?RT *T fer Rrre Ai r strrt 

feiT W i ffe v m , d % ?rra RTRT T RRTdg : RcTT | I R ±/\; RTT smfe fet 
RTre ±% Ai» d ^ R% srfeRPT gqr qfR RR: R sfk 3K ir frR RT I — A; 

fqqq V R % *TPT RT sfk ojfRR fqqq V t % 3R RTR fef — A; ^ 

RTT I ffe K R 3TRR if qRT i D R ^ % ?ITq RR Rfe RR | K +ii - max , % 

*rre rr arte rr: f ; </ ? qf rr | i rerft? % r?i v m r r rr |, srt: 
</ % rere Vi -4t af?n =4rf^ i snru 'rffefr r zirm A i % fe rr % ferre % siren: r 
r Rfr t i 


Abstract 

Joshi effect in halogens as a function of inter-sleeve electrode distance. 
By Jagdish Prasad, Chemistry Department. Meerut College, Meerut. 

The Joshi effect Af has been studied in halogens, excited by transformer dis- 
charge, in glass tubes with external sleeve electrodes at different distances d apart, at 
constant gas pressure p and internal diameter D of the tube. The threshold potential 
V m has been found to increase almost linearly with d. The net dzdii and the relative 
Joshi effect ±%Af have increased with d to a maximum and then decreased with the 
increase in the applied potential V and changed its sign to — J\ 2 * above an immersion 
potential V;. That at constant V, current in dark, f D decreases with d indicates that 
JC-A£max increases with d and in consequence, V; increases with d. As V m increases 
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TOnftST 5H3T3T 


with d, Fj also should increase with d. The results have been explained on the basis 
of Joshi theory for the phenomenon At- 

fCt d cR SETOrTO* TOTT TOFT- Ai (f^T^T TOTT i TO SWlf^ 

f^r) to: spot? to yf n - 3 i skt 3tsto?t fror tot | i TOTfa, towp afaft toft 

+ At O' ^ srTOfror ffe) to w % sftot ?r#r f 3tt | i <ro: si^t 3p%quif to, stfor 
Stfsr- % skt t~n%TT £r, srfipfr ± A i ^ 3T5fvr srfarosff % srttot, sistor f?r ?fe ?r fron 

TOT | 1% ±At Ti SRTTOTOTf % f?«R Tjpt TO, 3TTOTTRR f ft d % TTR TOT TOTOT | | 

STTT>TTc*Rj 

tottor to ttrtr ^rgrosr crqr toRtttot TTfrorr % p 1 sttoItot %^r t 4 , s i % tor 
to i *rRT tor to Itottot, amp grtPRfR ?%totto ?r%r tot |to%tt (p Cl 2 =4 frofr, 

TPR, 20 o C; pBr 2 pl 2 = 20°C XX TOR 5K) TT JR TR RRTOafT Rt 50 TO?ft 
gTTT TOtfrR fTOtT TOT I TOTl-TOR fft Rt 1 *T 20 %T*ft TORT % 3RFR TOTO TOT 3fk 
TOTT ± A « TO, fTOT 3R3PJR faTO V TOT % 3R P XX, 3TTOTO fTOTT TOT I 

'Tfrwrro hrt f^RT 

% 3TR P TOT R^TO % TORT D % fpsER sq|iT to, <TpjR fTOR # *rff%, f^TTO 

v m srttrtR ffT d % tot tottot ftottto: tF toIto fRr 1 1 totr srfrnRff % srpr, 
+ a i, d % tot 4 %*fr to tor aftr fro: tor |, TOf% +%Ai 5 %*ft to arfroRT | 
(fro- l) I - Ai TOT — % A i # d % TOT wt TOTO f fe sfbt SFZZ ftrT | I 3i^^b 
frog- F qR, _j_^j ^rr — a i % fFn 1 3ik d %• ar?% % o|?5PTOi 1%to Vi 

f fe # 3ftT 5TfrT |faT | I 

f%?tTO % ^rpt ^rqfr^f < tt Prfirfr g-fefTT ?rTf % gr|r sraro % gTTt 

^cq% # sifsfr %3FT [0 “ 8] Tf^TOTOT T^TTT | I f^?T cT 5fjvft TOTT 5TTT ffTTfirp ?%- 
TSFfi ^5T TOfvr if? srfroK wn 3TPPTT ^T 3cTvT TRTO | ^ft f% sfcmaTOt 3n%9T % TO ^ * 
to ^ | i % srroftr^ ^Tsfar fro^y sttot sTtr^ gfr flcTT |, gfvrgT % irt 

+ A i sFtTcr I I -(-A I TOT — A i ^ TTf-^Tf?Tf?T [9] ^TOTcfT f TOVr5 TKT TTOT TTO- 

; 3TO toi% 1 3fk f fipr srromgT qrfrgro, tott gro? sttt TOi%cr, TOff snrof to ^pifTOW 
TfR 1 1 


fror V, p TOT D qt, EITTT i D TOT Vm TO d % TOT TOTO 5T?fer TOTO | ftf d % TO«T 
V A+Tmax S^T, TOT^TOT % fsTTT, d % gyq- Vi TORT TOf^ I 3PTO, A» ^ ^ ^ 

TOT IT TOf ^ ^fMt %STR[ 6] sftsTT 1 1% d # stfro ffe (1-5 %rft) TO, TOffr 

+ A* 3 TTOfR STTOto I%TOHf % 5TOT ^RfTfT WfTOT TO 'rfTOPT |, + Ai^f TOTOTOT 



163 


3fcrcnp?rfa % 5RR- % ¥5 % % ^frsft snrre 

I I d % 5 %*fr % 3rf%5? ?T% 9T-f Az % sPfcnS ^RT, fw^T % 5^15 TK fafeT gfe- 

fiicr % stt^ fgftRor % 5555 5m ^rsw % ^rt 55 5 % 5S5T % 55rw fi 

5555 |; fsrem RfR.’urnr ^snrfta 555R15? ^rswt sttt 5§H5T %r afrc st?rq=r, + a* 

% spfire? ^ra 1 1 wr 5555 , - a» % fcw, finr^ ^jft % wt % grrrr ffc 555 %^ i%55Mt 
% srct^ % 5555 ftfer 5j5 snwr %, sfr f% 3f5RT553^T%5-55T5 %■ 55R5 z' 55 55T 
|, d % gw - /if 55 ^ 3Tf%55RT 55T 5f5R iFRI: 555 % - £j % 335 5% ^3 53T35T fT 
STTdt | I 



f%3 I : % sfmt srura %/\i 55 3%rrR%55te fft d % Trr«r qfed^r 

3sP 1 : 6-90 kV 55 551 <T3 % —%/\i 55 z* % i TT3 5feRT5; 

2 : 4‘80 &F 55 555515 % + % A* 55 d % gw 3pC3d5; 

3 : 2'40 kV 5R SWfa % -f %A z 55 zf % gw 3pR5cT5; 

4 : 2-93 kV 5R 55315 % *%A z 55 z/ % gm 3fR335; 

5:1 *67 kV 55 35355*5 f ~r%l_i ^5 f % 3T5 3ft335; 

6 : 1 *93 kV 55 sn5p#T5 3 -f % Az 55 d % gj3 5 Kdd5 | 
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if rm er«n srsTts ?T?ff /\i m ^f?sr% %5 ^cff | % ffR tt^ ^ 

spt f^srrf^-f^r sr^fefTsr^r^^ 1 1 tffar ^?c^?r y em v dg 5rsOTf [u] i ^fff% ^r- 

BfCT?r 4r?r*R ^r swr # ffr^TT # wct iarr |, stt^ f3fR<JT tt £nfr ^HY i 

5tstt, -{- a 1 " ^ - a / ^ ^-^'rf'^fY ^ |fr^r t^f ’%& # f^fYfg- tt 

^fr 1 1 

fKTifcTT-Srm 

%’=rt ?to irgtft'mRr =ft ^r% srg^r ^rralr % frrY srnird | i 

1. trifo 3rR°, !TgT?T 7T3T, ffo £[o cfSTT WST, 3TRo, 3Ro fferH %fao HtHTo, 
1954, 31, 539 

2. |ff5r, «5f 0 itkto cfSTT tfTRT ttfasr, it[o, 5Ro %fao Psfsio, 1951, 19, 514 

3. |ft^r ; TT^o ffSTT tfifa trf3p?r, tro, srMo fafsio ^To, 1951, B 64, 916 

4. SRrre, IT*£T (?fw) 

5. arrre, %°, ftgo fefao, 1973, 18, 1075 

6- sftefr, 1^-0 trg-o, STltflo ffew HTfCT ^T8 o, ?mr HI, p6%o iRtfo, 1946, tfstfo 26; 
1947, ^ro 25 

7. ■sfr#, TT^ro iT4To ; WR3T 1946, 15, 281 

8. sfreft, ^ o iji4T0, S^T, 1947, 16, 19 

9. WK, %o spT?YfePT 3TTI J PTYfH5T r 1977, 18, 497 

10. srar=r, %o, Fsqfajn (sfcRr) 

11. ?nsr, 57°, ‘‘Fundamental Processes of Electrical Discharge through 

Gases”, 3TT?rf3% ^ 4TRT, ^TRf 1939 
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ThO, straff % q* qt-t^ cFstt cnq q>T 

t?q° fa|, jp; srhs, %o qq rf^I 3?lf° qqo 

ST^qrq, f*€^ssp 3iT<E SWTqTsfi 

qqmr fircqfirere-ro, qm«rcn 

[ 5TTB-qf 31, 1979 ] 

HTTT5T 

4iT^%d STRRT €r Sifer WWW(>10 ppb) WRT SRT (bodies) ^d tfa%9R 
(eutrofication) fT WRTT | l STSgW sfmw if 32 P % spjSRFT ¥ WWTW fe^RT ?T Th0 2 ^RT 
stfer % feprcrff m fercw few wwr t i wwr wwt wr - tt^t % wwwr ^ft srstww fen 
<fe | sfk swwr: wth wi Tho 2 fe^w wwwwt w^w few % awww fefew 

^pt % FTWHWRW feWT *PW g" | 


Abstract 

Effect of pH and temperature on the removal of P0 4 ions by Th0 2 using tracer 
technique. By Y.N. Singh, Gur Prasad, Kamal K. Jain, I.S. Singh, Applied Chemis- 
try Section, Institute of Technology, Banaras Hindu University, Varanasi. 

The excess of phosphate ions (>10 ppb) in water results in eutrophication of 
water bodies. The present paper deals with the removal of phosphate ions from 
aqueous solutions by Th0 2 using 32 P as tracer. The effect of temperature and pH 
has been studied and the results thus obtained have been explained in the light of the 
crystal structure of Th0 2 and the ion exchange property of the system. 

gfef 3W ffe % few TRT W WWfefe WTWSIW fTWT I i jofel % 

WcmsR % fexr qrpfe: srfef % w wfecw # loppb % s 

srawr % twrw wmwff % fen; fera | wk Rfrww-wwc wcww *fef f U! i wfewff ww 

% wte 3W fe cfrT WW 3Ff fefeff glTT few WT W^FdT | r * 2] tfe wtfef , TTWTWfeF, ff*W 
tfew t fefeff W W WWH fefeW fefe SJWTWt WWT ffew4f SORT sfef fwff | ^fffe 
fa feWfr ^ ^4ffe ’ W few WT SRFWT I 1 sfe wrffes %feWT 55 RT if WlfeWT 
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nTo itjto fe?, 5 JT STCF?, TOTO %° TOT snfo TTff o filT| 
gTTT gTOTffe TOTO: nrfJTO Tf%n feTOTTO TOt*T TOR Jf ^fe* °TO ftcTT | 3 rlT TOTO: 

TOfero tfefr to srofe?, #>t nTfJTOr *fer fafrorarof # ^tot *r ^ tot cm 5 rror 

|P] | 

IPS sftnroiWf ^ w saw fafaTO ^feff 3 tTt t^T tot nfer if to% tot q?T tptTto 
^ t ^ i srfeRTO tot fJro t®] sttt fefM4> nnferm Jr HiitOi* feTOCH fcn$ TOTO.fnfepr 
fafen f to tor fen tot 1 fniTO l6] % arm f^f^nr^r gTTT toc^t feTOnn it 'ffen % 
snro to apron fen 1 feet cr«rr mcnfrof n [7] nromro; toto foPiTO gra TOcfe: fe+wn 

to apron fen 1 1 

[8 J n TOTOTfeTOfe % T^t TOT Jr TOTfe feTOTO % ffe TOTO fnfnTO fen TO 

rotn fen | 1 afcf t fe r t^T qnrfe Jr tottottt feronn % fro totto roTOicTO Jfonf % 
tor Jr nfe to Jr gnfent ro % fenrrn qet tot fegn nror stopt % nror qrt row 
nRT 1 'i ttoctot to^Pi^t ^ / 5 t'^ii«iN c h fnfnnRro % tor §ttc fesnTf qit tot ffem wr 

TORT | I % TOT n^ftf TO T n [10 J TOTTO fnfeTTTOT ^ I ferTO TOTOT TO TOfer fen 
| I TO^CT 3P%TOT f ^TFftn ferTOT Jr TOTfe feTOTTn % fnTT ^JTOFT fenTOFF % TO Jf 
fefem ar fecng^ to nroR fen tot | 1 

SnfrnTrRRT 

TOgn sr^tjff % ffe arfeffer ThO a (a.R.,b.d.h.) to nror nfet if toto 8 to: 
to 800°C to nrn fen tott aftr fee nfe nsft if feJ-feJ tot % tot to tot fen tot r 
fro 200 fer nrfe nrofr Jr nrn to; tot nrn fen tot 1 n^rn arsron, ntfesrr tot feror 
mronaff to* (io- ls Jr 10 1 tot) fern arwn fernn (NaH 2 po 4 - 2H 2 o) % io feft ^r 
Th 0 2 % o -5 nr. Jr fenro fenTTOT 1 TOTOferror^r 32 Pnrr argJferfenTOT 1 srfrofe 
tot srfefrferfnTOff ^r Prfen tot qr t^ttot sfTr arfeffeT ^r smfJr to anromn^ron to 
feror nrof % stotto to: ferro % totof if Jfeft^fennr % sttt fen tot [11] i 

qrfTOTm ?r«n fe^TRi 

srfefnrqr ntfen nr^arwy (ThO z ) q< 2 <Hl ti tor ^T ttttot toit fer | [12] (ffer 1) 

aftr fnron «o=5‘5997 a ° to nnfefe toto %?s tott ftnT | 1 tot§ %n Jf anron^n % 

toc sr5 ft^ 1 1 TOmfen feferf fnTO ar^-fernr n^ (space group) srer ^ron |tnT |: 

On (Fm 3m) 

R : ( 4 a) 000 F. G. 

X : (8c) 4 ; (| i |); F.G. 



ffer 1. Th 0 2 ^r *Ft cttott 


Tho s irt wwww wwrgr % H*wrwg <r qt-Ttw ggr cm wt wwtw 


167 


^ R wtfew gwr X wiNwtwg iwgsfr wt ssre wwgr I i wtferw fegwr w ( i 10) 
gw wtww au+His? wrwgf <r w^wg www?wwtfwg wife? rwtwwt wrwr frgT f wk ?w 
gw *f V? 'Twnjwf % wtw wr-ww?? wtww ww^: t^g f i ?w wwr wrfenr wiqwT^g fezwf wt 
wwfeg wrt wi% fwffer wiigrjw gw fwfew wtfe # awnjegr wwt wgtw qfctw wi% fit f 
(wTRrf l) i wtferw wrawT?? wjw wwt www gtgffT wwi w fwwrferft wwwr f <sfk 51 qr 
wwwww wwt ggwwww wrww wgwg gw wwgr f 1 ww wwr ws wtw fr wtctt f % h+ arm 
gwr OH - wtww wrqwrfg wfeftww % wsq? frig S wk ?w wtwwt % srfg ^o-w^mrfgwr wr*w- 
wtwwT =£t arawwT w fRrr 1 1 3rg: H+ wwt OH - 3nwg, ww wwwt fwwg arwwHw fwwwgT % w^w? 
^ wferrwt fr^fTfewfer amwRg ^ % srfg ferw-fgwHw wtww frg f 1 w^f w| gwr %wt 
gi-^glg f ft? ThO, (wwwwwr sfeg) % w^ww t feig-wqwgw fwwww w sww wwrww wwt 
g£°uww wferw-fgwkw wMm ftg 1 1 

wncwt 1 


ThO s Wt feRW W~WWT 




ERPFT T 

awfe wwwr 

^ranwwr srwTwt wfer 
(O-) 


100 

1 

0 

ThOj 

110 

li 

4 


111 

7 

8 

0 


wtftww erwRWTfg §rt 'Bwte amrgf % feggww grr wrefew Hwgp f i 


ggr Srt few wt wg^w f (fww 2) 1 fwfeg gm <r 1 In wnff gfr wRwt 2 w fwtws few 
wwt f 1 ww w wfwsrtwwr w qgwfe wtwwt gw srfgwg fefm wrwt 3 w fwwr wwt f 1 wpwt- 
wwwt wt? www *f ft Rnftg ft wrat f (fer 3) 1 wfwsftww sswt % ggwTwrwr wtw (wRwt 4) 
srwfer f tw wfwfew wwwwwt f swrfg; wiw wr w?wt wferfeT % 3 ig^T gfrf 1 ?w% 
wfgfec t wtw 20.925 feft fw arfg wtw ^t wtfe % f 1 w wfenw wtfe? wfeffer ww 
wwww WRt f 1 

WRWt 2 


Th 0 2 tR POV WTWWT % srfeffer % fwtr WTW (X/m) % fe^ Cequii % 3 rr%W 
% WWWT fer WW 1 In % WTW 


fgqnw 

WTW °C 

1 /» 

WWgrfT W5i WT WWR 


16 

0-799 


ThO s -POV 

25 

0‘800 



35 

0*800 

wtwwStw 
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Th0 2 SRT ¥T¥¥T % frG¥l¥¥ R fr-TT^ ¥¥T 3T7 3¥ ¥¥R 


3 


POV 3) i ^*11 sffwrrw cT7t fWtTw; srfgrsfrf^H' ¥T suff^R •hitI'ji i x io -8 M; 

¥T¥ 3t±0’1°C 


srfsrgfRqr 

srfe^Tcf srf^-^fmr 

sft #* srfeRf 

ThO z 

42*2 

39*6 


srfir^TTffera- ¥¥¥¥¥ sn^rf # ¥mr 2-6 ¥ 3 - 8 tort tk^tt ¥ fRR 7ggt | ark ¥¥% 
¥T¥ Sf^PR ¥¥ 3d%7R¥ qT-T^M 8'6 ¥4? sfl'SRf ¥ f*R ¥I¥f f (f%¥ 4 ) t TT-T^r % 

¥T¥ 3rf¥¥tf¥¥ ¥T¥T ¥ ¥k¥¥¥ 7¥ ¥¥¥, JSSR fTffrf¥¥¥ jftfw'f % ¥¥¥ sjk TOR ¥¥I RH > 

3¥t9T ¥¥F¥ ft¥ % ¥T¥ ^¥¥T fipfrsR ff ¥¥i¥T |, ¥T f¥¥¥¥ % TT-TT^f tR 

Pnk ¥R¥T I I ¥t-TT¥ ¥T¥ qfc¥¥¥ % ¥T¥, H+ ¥¥T OH - ¥¥¥¥1 ¥R¥f¥¥ ff 3TT¥T | 3{k 
Ilf SpWdd H* ¥¥T OH 3n¥¥t % ¥T¥ 'JGS # 3¥¥T«T firqT % ¥¥¥¥ ¥T¥T ¥4? 3rfe- 
9Tt¥¥ 7¥ ¥T¥T 3?f ST¥Tf%¥ 7R¥T | | ¥tfel¥ ¥Tf3n¥¥Tf¥ TO ¥ 3TRft¥ 3T¥¥T STRT¥ Rf¥4¥ 
¥ f¥R 5P¥R ¥ 3¥¥fR 7R¥ 3¥ ¥WT 7¥ ¥T¥T | : 



f¥ SPPR an¥¥Tf¥ 5[Ww % ¥R¥-f¥f¥¥¥ ¥¥T % ¥T¥R TT ThO a gRT P0 4 3 ~ 
STRiff 7¥ ¥f¥ ¥TO f%¥T W ¥¥¥¥ | I TOR 3ITWR¥ RR ¥T f¥T ¥ 3mT¥ -f¥p¥¥R4 
¥Tf¥ ¥¥¥ 7R¥T |— (i) H + 3TR¥ 3rfsRT¥¥ SRI 3R¥ f%¥¥¥ ¥ i£¥T¥¥ f¥f¥¥T¥¥? ¥¥T 
(ii) OH” 3¥¥¥T % 3Tfefl¥¥ 5RT 3R¥ ¥#¥¥? *¥¥¥¥? ¥ ¥¥T¥¥ f¥f¥¥RR 1 f¥RT qte¥r 
¥7 H + 3TR¥ %€ET fi^ u l ¥R ¥¥ 3RR ¥T¥ sfk PO 4 3 ' 8 ¥<T¥ ff¥ u l ¥cR ¥¥ ¥fW ¥T¥ ¥¥T% f| 1 
?¥ 5RH P0 4 3 - qr ¥t rr % ft¥k¥ RR ¥ fT ¥¥¥ | 3^7 ¥T 3rf¥5!TW TO % ¥RR 
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<fto TJTJTo fX ST^TC, JpiT?T %o TO 3TTfo IT^o f%f 

m tot f t Tss ?r xprcs to wr ^ cr % stot fqfrro itxt ?fr arftratan it tot 
| I sfsftTT^ TOPTT 5pr 3qfx*rf%, HC1 fiTTO % f?TO qt-TT^ qx, xro feTOTf % ;rh % 
^k'ji it^t 1 1 

STT'jft 4 


fqfw tot qx arfqsfmiT TOnqt to ?r qTO ^t qf q?t TOfrowt tot 


faTOT 

XTT :/XTT. srfontfacT # TO 

qx sttto =pt qrqr 

sjfsrgftqtn ^t TOT 

(foofr srfq qtrq) 


1 . 0 X 10 -8 

— 31.889 

ThO, 

— P 0 4 *- 1.0 xlo ” 6 

- 16.991 


l.oxlo * 4 

— 16.991 


1.0 xio - 4 

— 9.541 



4. arferfm qx qt-Trq qn snrrq 


1. swq x g TO*ft, qqo too, vt%xtx, qto qto to xwfiqraq, tr^o, ffeo sro 
qTO gXHo |?sq, 1973, 15 ( 1 ), 59 

2. «l«l, <=f»+i^rk %o, Sl+Tiq ofto cPTT fq^E, Xt o TTq o , qjsf o HTij o fx?Io, <?t o ®(o , 1976- 
77, XXVII (1-2), H3-120 



ThO a 5 tct arm? % fe+rew cm smw 
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3. %cTC, %° ^To, “fa f^T%fil^r ffeRT 'ETC WTZT 3Tf% i?X- 

OTW, 1972, 'fS 297 

4. %PT$T, tto cT«TT IPPT#, T^o t^RT O, 3TTOR ^#31 1973, 1, 3, 148; 

1974, 80 , 124-293, 

5. s m^^R T, %® tr^To cm fer«r, %o fro, «fto fjo feft£, 228108, f ° 7^° ^sr° 
fiCBTo sfef, fenTO^S, 1973, 5A; %fao t^Rfo I974, 81, 41110, b 1974 

6. fef^ T, TJo, Tr Vses. Nauch. Issled. Inst. Vodosnabzh. Kanaliz. Gidrotekh 

Sooruzhenni Inzh. Gidrogel. (U.S.S.R.) 1972, 40, 5 %fa° 1974, 81, 

40503 p 

7. gift, afro, fwf. T^fo ?m 9€RT, 3TTTo, giST few, 1976 10, 421 

8. %° ^1°, fsftfetfeT felo |5tfe B-93, 4fe5T4feTT a(ferf%fr, iv^ra 
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9. <Tffeff, 17450 q^To oWT 3 TKo, tr^gTf~mo v.lfo d=H~t 0 . 1 968, 2, 24 

10. t, TTo %o cWT ftafr, %o, 5HO 3TTO sF^RfttTTo, 1974, 101, 63-74 

11. fe?, 3TTWo IT^O, (%f, 3T° TTq-o, fenfr, 3TR° cPTT W=TT, flo tnr°, fefeo %firo, 

1973, 83, 305 . 
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rTT5T (ii) 


WTTrft amra, gi) firerra 3 tmtm ct^t 3m fpnr % 
thtoh fanrm, jumv Ma, snrrn 

[w— SR^T? 1, 1979] 

HIM 


Pb^nOw Ticf fTs jl=t4r^, i'chPh H =t, srPET : o-fefife; 3 tp?t (o — CA)/m-fe*fr- 

sn^r (m CA ) /gi Tff I =rtti % r=ii s=f> 3TM (HXA) M 5f#FT |p7 (II) % 

ft-ST wt MpT 5TTH M I 3Tf#?rspJiT rITfe=i=6' it# JJKftdN fe^quf f 
% ^RiRrti sr^rE, TWiRMT d*rr s^idew =^jt stmt? Mranfta sfk |iwr a<rfer firfinri 
h^tB ^ mt 1 1 €nff M*fr % ^Tiii si^rr? arop#f ?r snu g_j_ t*# g n Trf5r#r d«u 
SSMTT % 3?3TT ^Tpff Hit spfpr HTT =33^1 ^Sfy j ^TTR» Aj_ ait?: An % 

MPotifHfl' for ’R I 5RTT Aj_— A , #T A M fenc+t'P fn'4'.dr spT JTN#^ q-p pi gT( ^ 
PmcTcit | i% ft - ?! wft *rj?rr # m sra^nsfi Jr ap^n: 

% ?rm Tfe*ra ftdt 1 1 hft fr ^ni<*KUi k % 5mfe+ pht *r ^ ^ | % 

Cu — Phen— (o-CA) #f5PT *T H#If 


Absrtact 

Mixed ligand complexes of copper (II) with 1 : 10 phenanthroline and aromatic 
hydroxy carboxylic acids. By Bharati Agarwal, B. V. Agarwala and Arun K. Dey, 
Chemical Laboratories, University of Allahabad, Allahabad. 

Using 1:10 phenanthroline (phen) and o-cresotic acid (o-CA»-cresotic acid 
(m-CA) / hydroxynaphthoic acid (HNA) ligands.three mixed ligand complexes of 
copper (II) have been isolated. They have been charcterised by ir, uv-vis, reflectance 

*6731 TJKdlii j%R # MTM STOT # Sff^cT 

AP 13 
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arefr 3mTcT,5ST snrarvr 3«rr 3?w f*rrc ? 

esr spectral studies and magnetic susceptibility measurements alongwith elemental 
and thermogravi metric analyses. The complexes having distorted octahedral geometry 
with normal magnetic moments may be represented by [Cu. Phen. L.(H g O) 2 ] xH 2 0 
(where L is doubly deprotonated o-cA/m-CA/HNA). gj_andg M values from the 
esr spectra and energies of various electronic transitions spin orbit coupling 
constants A x and A n have been determined. Taking (A ± - A,,) as a measure of 
directional dependence of A, it appears that the dependence increases with differ- 
ence in ligand field strengths of the ligands in a mixed ligand complex. 

fipsr ^ % Sr™ 3 [1 > 2] ^ rrm (n) % tt *opt farr 

| , * jfrfrep 1 : 10 (fe%, Phen) x^ o-f^ftfe^ as* (o-GA)/m-feffer 

SF5T 3F5T ( HNA ) «‘*r«wT 4T STTS tit | 1 SfcT 

ap-resrr ir srm % sparer % 3iftrfT4rr 'mtrpfr ^ pq- 

sr^r, arpT? apfe tprepfa create? ^ qrm p up 

nf |, m 'rf^mr pf f^Sr tr | i 

5ftT>TTr^^ 

: (i) Cu (II) Phen — (o-CA), (ii) Cu (II)— Phen — 
(m-CA) tr# (iii) Cu(II)-Phen-(HNA) : 0-25M 5TH (II) Sete (*«h^ ^TK) 

% 10 fttft * 0-25M 10 fkcTi i am ?r 0-25M o-ca 

(qp?r)/HNA ('ff%^r) f^TtPT 10 0'50M NaOH % 5 RhI % 

fw qqr 1 ip srenr sro % ?rtfew w Rppit pfaj ^rrar-ft^ ftwr t 

3PT^;?r fevft^ T Sfr^r ftr tPTT 1 ^ t*\ 4T 3T=rerq STTh fSXX I ^PTT WX 

{fHvfr 55% ^ p q* *n) OTT ws % *rt*T 50° IT prim mx I 

asua* : Pri*pfr p *rprf % zsxmxz tot snarer mW*pw 

if q cfe ’T t!tr*TT •^4dl t Plel41<i< ^rT^vf 577 fii<I ^ 1 

^f^Tt tqgvff % M<N4 ; fr pf 5T=b Ihl TO^^PcfT =l u l*" I f 3(tvi^-drs (<5kf 314W ^) 

MgO vsu “ 2P *** ^ ^ 3wfm ** 

5ttb Rw ^ 1 

5T^qr qpT % f^pr ^TtTPtr diM+iW IT 3*^1^ %frrpT V— 

4502 - 12 ESR gHTT (lOO fqTTIo/%o m^rr) 3tT%fef fw 4TT I DPPH 

qpt tf R ^P g Hum f*4T W I 

=3T3Wta an^i : ?nft TT^ff % srrfer *xvx* ^rrt fafa sra.trq? pi 

spfhr 4ty% ftt nti ct«n ^ stt^ ^1 1 
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sttot % cttst Tff?r 

TOm^mfrota 3 ?tiRH : ^r% qforo tt^o # 0 snf o Mm toft ^rr (am 

*1% 10° Slfa f*HS) 5T7T <%few spf%TOT STTO =FTO gf 5TT8 f%% *1% 1 

qfW*T cr^TT faSfcTU 

arfenP % TftoiFr, #f^ff % xt# ¥tfw (i) ?r #*-fro iro m 1 1 

aTTOI 1 

crrfcre? f%5%rrnft % qf v^uji J4 trq qxif 


fTfm% ara% 
tot srofro mtfro toHto 
{'rfmfm) (qfrofm) (crfrofoa) 


(i) *Cu . Phen . (o-CA) 3H2O fTO gTT 

53-55 

4*49 

13-63 


(53*60) 

(4-47) 

(14‘21) 

(ii) *Cu . Phen . (m-CA) 3‘5H 2 0 TOT gT T 

51-82 

4'28 

13-28 


(52-54) 

(4-60i 

(13-93) 

(iii) *Cu . Phen . (HNA) 2'5H 2 0 TO gTT 

58-45 

3-98 

t3‘24 


(58-16) 

(4-00) 

(13-40) 


*TOS3f % amt % at sfrm xpfi fit |, qf<wnjrd: ag at ^ih si jrt 1 1 


ft^nraT : qnft aga dis.dw-iH, srlsrfafi ark sifiifaa towt tt ^ ?r faro 

|, TOg *rfTOT, U/dHPrl, *HVlTOT, fsR, $*ftm a if SjfqTO | I 

anaRrB TOCEH : TPTt Tfafmf TOTTfgSFf % TOTO 5 TOTTO 3 ,T%^T % d,<-iTOTO ahma §- 

5n?r giro | f% grfgMrsmT % to (roifi-w #fr gt &TO4+ a^g 

to*t fafafu *r m a t| 1 1 TOofeafa*" qnjg % fafmr srfarorfe fa (<jmxb towt 
TOTOt fadddl if stfk 1 ifsJITO )-2500 — 2700, 1650 — 60, —1300 3fk 

900, ^fr f% o-CA, m-CA sik HNA % TOfakT if fern I, agm if qfkrfsra agf fit 
1 1 to% tK COO- % srarrfet a TOfor jraur fa tost: —1575 sfk —1385 Mk 1 

9 T akT *Tf?ff if fdUHR I 5 *ft TOR OH (ferrfTOr) TOR fa, sfl tf? Tfafkff if --3250 
m TOT STTaT I, af gf^ff if aff f aaT vC— O (fwfrop) #a TOrfkfT (— 1230 ) ^T ST%?TT 

^ffsff % aro suffer [*’4] m qm tot 1 1 ?roa: TOTfeafrora ftsar fea ? tot ft fomcTO 
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^THcft nfr ferrar snrcrer nnr aren fnra % 


ngf nfera n^R *ft nRj aim C u (II) % nras ft met | i nff nf nraan | fc int sraK % 
Fe (II) % ntfepf Jr [2] %nn RMrfefeR ngf ft nfepT fen Jr nm %ctT | sfh fe n fe r 
g=fara arar Tferr | i 

fer rt c — N §«r ( 1618 ) nnt nfnf Jr n=ra arraferar q?r snrarrafer ft nrar | r 
^tt gr^nn: n<|pfr Jr fetm nsra % ^faffer tt# ntrafe gqfJnfJfe qrRirfRrr |, fnn% qra- 
fr cr vi ffer Jr f^n s ra amra afh nferTncr: C =N gn Rtfe nf nrat | [5] 1 fn% fer 
% cranTfsrf ^r atgirara nfa % ws fn -708 n 738 nr *fera % anffeuif *t 

Rtrararfer ftmJt | [5,6] nra ft fn tnr n rss ferrera nt ft nraT I 1 

sCTrmTtfJrfk : RfHT % nsnrnKfnntn aranra Jr nf nra frar | (% ntfJfe Jr rk qrr 
■^rcr nT rafer Jr fTcrr 1 1 srnn rrt Jr ^tn rt sen 60-70° Jr srrann frar f sfh: Rfe nfJr 
rf? qfnt 1 1 smn nm Jf ff rare Jf q>nt Rt sr^rrj ^jra frn % qnm nrar nra (fefe ftr 
jra^r gntnnnns f) eft nf eftnt ntfnraf % fJ# granr: (i) iH 2 o r (ii) 1*5 h 2 0 t^n (iii) o - 5 
H a O % nnn frat | 1 fefrn nm Jr nra nm nt nfn srnsrrfer ran frar 1 1 fhff ntfJfer Jtfenn 
=nm qn nrmn gran: (i) 300°, (ii) 26o 5 n (iii) 160 ° Jr fraT f i trnJr nf fferra fJrarar 

^TT gqraT f TW‘ ^T 'SfcTFjaff q?t 3 TRTT 3 Fn v*tei RJ nncTcT: ntneT f cTnT n WeTT’J ttnfnnTfer 

Rff | i 3RT: Rfcff m nrmt ( 2 ) Jr srara gnf Jr srnfira fen ^tt | i 

m n^R cttbt (11) smnr ^qnfnnr^RRtT w. frnr | qnff% fer sfk o-CA/m-CA/ 

hna ?tnT ft fenft ^t%s ^nrn | si ^rrg nt ^nrftratfer |r^ 1 1 

ntnf nf^ff n nro sfernf % nnc nr^r snwrp' % fer sr^fer nrr: ^ arfiR? srra | 
cTtbt qrrafe^ ^nnr Jr qrn t sra; ciTFr% 3 r ?! t I ^fen% nrnni 71 nff nr sfera rrm 
srranTf z ^ nra Rtnife ^t fJr«m srntn frat 1 1 

nrtnt 2 


% g;n, ^mfer angn r^ 10 Dq nra 
gn yueff(BM) 10Dq(kK) 


(i) [Gu.Phen.(o-CA) (H 2 0) 2 ] 1 H 2 0 

1’98 

12-70 

(ii) [Cu.Phen.(m-CA) (H 2 0) 2 ] 1'5 H a O 

1-88 

12-41 

(iii) [Cu.Phen.(HNA) (H 2 0) 2 ] 0'5 H 2 0 

1-85 

11-67 


anfn : gtn! n'fcff % fe? ~25° nr ira f# n^ =|M^ra ang^ff % nra 
(nrant 2) nrar (ii) ntfJfef % fJrri Rmranr: sr^fer ntTn (i-8-2 - 2BM) % srarnn sr# | 
sfh: = f t g q? r n ?fe Jr fern nt nranrlrR ferarffn rtr fJranr % ?fraR 1 1 
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wRftt anr^r, qsft fq?Tm srqqR em spsq ^itr ft 


^Tdqq ft^m 3wT?3ff % ffttr fttftq [9} srcr fqft qft 3^rf sftsrftfcpr qftftT Rft |tt 3^ 
ftfp?r ft fftrq ioDq ^rr ttrt 3 tb fftqT ;r nrr (*nrftt 2) 1 qsrfft qsF fqqftqq fqfq- aftr 
lODq ft JTFT SRqR RR ftrfft ftt qfftpqT qTft qff |, eft ftt qf ^TT sffteT fftn % IoDq. 
% *rH qfftqT*r ftt ft fft*T sFR ft I : 

Cu- Phen — (o-CA)>Cu-Phen (m-CA)>Cu- Phen (HNA) 

ftft fft ^Ruff (2) ft SIcqST | SRqq ft-gcT ft ftH !TfI7 % ftRftt ^STOfftfttffteT f — fftft, 
o-CA/m-CA/HNA sftr qqT'g I WTT R ftlftf ft ft qT-fftft fthc WJ, eftftf ft^ff ft 
RTFT ft ftft ft qTeqqRfiqriq fftqqTjqR 1101 qf facRf fftRRfT | fft o-CA, m-CA ^ 
HNA % ft?riT ft?rRt £q srsRRTTftf qq kr fftRfftfftq qqrn; fmr : 

o-CA>m-CA>HNA 

?#F£Tq tRPH 3RJSTT5 qRCT : =fft 3Tq^IT ft qT*TT?q cTT'T R 5TT8 qsRJT srgro 

qwff (fftq-2) % 3TSWT ft 5TRT qf^RT qRftt (3) ft ft^tftef fftft qft | I ftfftf esr craft 
ftf ftqnstTffft qqnrRftqROT aqftqr fqfft [11] srt fftsrfftq ftf qqf qqr srrf qsF % fftrr *nr- 
ferqq qijfft ftf qrf qqf I qtfftftf ftf RTT fft^r ft ^ qffRF Cu S0 4 . 5H 2 0 (57-76) fl2] qq 
arftsrr ffe sfeqfR fftft 1 1 

RepT ftrftf esr qoruftf ft ft tt^ (i) ftf qqtfftqr f RTT 3Rq ftt fqqqtfftqi I Sfftftf qTO 
(II) ftfftf ft 3RTqqti3>i4<i5] ^ ^ | fft ftrqqtfspp WT ft^ftf ft qqffl qftqTO ft 

PR RTfftfft cfeftf ftf ^Sqfftrfft ftf ^RT qrrft | I 


SKftf 3 

ftf ftf ft arsqqq ft 5TT8 qfftqrq 




*v f' _e> 




x g tSTo 
(l0 8 -cgs) 

xq srrftto 
(I0*.cgs) 


<^ll Nt^kl 
G 

g± 

§11 

Sav 

« 


178-6 

2-0422 

2-1587 

2-0819 

3-098 

3-757 

(ii) 

m^qqq 

221-1 

2-0507 

2-2131 

2-1104 

3-122 

3-286 

(iii) 

RftfeRR 

198-7 

2-0606 

2-1984 

2-1077 

2*996 

3-060 


Sx q fn ft snftferqj qqq ^ q;qqftt iftq^Rr fq?r ( d x 2 _/) *£srq; qmt ft arrqr arqRT ft 
'rfftqrqqj |, ftt fft ^%q2Tftrq> qft^qftrq qpRTftf ft si^q fr 1 1 qrq |t g a „ ? r ftr 
iftqftq qrq 2*0023 ft qfqq> 1 1 q?_ f fe qfR §Rq qqrq ft qftonftt 
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srTTdt srcrar^r, q?r f^sTi^r ct*tt srw iwr ^ 

tF^PFro ^j^fts 3n^f % sfkw 1 1 fa*? Pro ^ sis (II) % *rs?r Jr g x ? 

gu ^ fatr f»TRT TO^PF STTH fes t [1 ®' 1 : 

g±=2 — 2\jE { £ x z, dyz-ix-y''t 
g 11 =2-8A/£ ( ^-^-V, 

sr^f x ^pnT bpstt 3fk 1%«rrN> ^ E f;rf%5£ q?r 37srf q?TTOTOqrt3T 1 1 q hotjt 

SwrftT *f|cT % ^$|+il'fs=F S STH ^TT ?T^t K I 

7T^>Rr w^ff % »pftt sra ^ tett Ftn sr#F sifter & srro a % trn 
f%f*r?r |1% 1 1 ?pff Jr srro ’tftt 3?r aPT^r: Aj_ ^ A n Jt ^sHhs (4) Jr fenr 

jprr | i ^ fef*roprT forn^ f^r#c?n sffz ^ft | [161 i 5*Jr ^ Ppftot wr ftoit 

t f% SRTT (Aj_ A [ , ) ftfavT P A €r foHTc*PF fa^TOT ^T 'Tfamr STOpT TOT | I ^ 

3TTOTT qr A q?r fesnc*rq> fJ^fror qrr spt fJp^rotr ^raT | : 

Cu Phcn - (o-CA)<Cu - Phen (m-CA)<Cu - Phen-(HNA) 

sra ^r ifs # ^5ptt \h ?rf^f % io Dq *tftt % ^r ?r ^ ;s n€t | ?fr ?tot ftcrr | ^ 

^ % spOT | mk. stwot o-CA % #|pr Jr Aq?r terrors fa#PJT 

?w | *r=rf% I^scpt ?fprnfr hna tp s'g<?r Jr w. 1 1 ^ ^ ss ,; rr Pp% P=r ^rnj 
^ff sf#r Jr *wft^ Jr f, srar: *tf *Ffr srr stott | fo (Phen + H 2 o) ^rfrraf % o-CA / 
m-CA/NHA ri<FTOft # ?F5TOTt SPTOcTT qJT 3 ITOT 3TS% % ?rr«P felTPT? fJptfTOT 'XZ& | I 
aro ^rif ^tt srot f f* fas rfafat Sf5ff f fafas rfafarfa *fV ^r 
if,! SFcPC-^rfaf €t fesTTcTT^ fasW ^ ftqffTS TOI | I 

4 


Tgm qjsm - 5^^ ^rro^t 'rfojiPT 



a jl 

A n 

/—N 

<< 

1 

H 

^ av 

k 

(0 

— 364 

— 278 

88 

— 321 

0*62 

(ii) 

— 506 

— 374 

132 

— 440 

0*73 

(iii; 

— 489 

— 339 

150 

— 414 

0*71 


g-yrTjft 4 ?r WF (reduction factor) k % *TPT ^ft *1% |, Of SsIf'P W 

A 0 =— 828=fc 2 A 

5TO srm trq 1 1 ^ a 0 ^tf sts (II) arm % fs% rr^tB >Rr 1 1 

k, trrg; ^rarnff % S5roft qrsrqn Jr f^mi'Ww qq ^ -h i m < ^ | tl0j . 



fa fe Ttf fe ^ frf srfer % nra ?fer isi 

gsrf k 2 3 ft g^fefeRn 4^1 =t> +^i *r wt s i fe^Hi+^i % fsnr k spt •hh ‘t^r’ (^+i$) 

■ ^f ^ jpij *|RU«lcr: Hl| *Tffe it U.+ ?T 4>H iffm q I STtUiffe ?W? ST^TPC A % 

nr? if ^ 3tm m? jfV mm ft% ht?t fr*r ^ ^ fefe ^ ffe? % #m w 
jRfira ^ktt 1 1 3? spbtt ?ra: h^ ?fr m ^t^ctt | fe ?f^r*r n^n'ra^cir sptstt #njfnfr 
^r rapOT feHTfent^ ht srrnffe ’pi Cu— Phen — (m-CA) =Eif?r if fenn? 

|, g =ifps pE 3pnrr ffe£T?T m gaffes fernfe^ hi ?f?nn smrffe 5? 

Cu — Phen - (o-CA) if W srRTt | 1 

jjpr snrfe x g ^rr Tft^nr Pwfafisw =^r nra fepB [17] 

x g tST =jfg 2 PS(S+l)l3kT 

3 i^f f% g#B sfer 3 pff if fer ^rsr |, m gfer nfer fi fen w i fenrnT 
(nfetf 3) ir nf smr ftgT | f% fesfecr m? Brm^ra: gfeRre nnff # mm m |, nnr 
^ SPcn: Cu— Phen — (HNA) % ffe | ! gf?ff (ii) =T (iii) % tfe fe+PW 

q-pf npjfffe HTTf % fen feF£ 1 1 if mRuii-h ^ikw ?fe % gffe fen n 1 1 inf wk 
% qfenn sraf [,8] srcr nt nra f^ fe f t ww: qffefer nnff # ^?m ?n n? | 
f% ^4 Pixt) oh^pp n HntHm gfinfnn a^t f%HT hht ^ ^ ^ i 

fffei 

1. fefe , %o, anprM, Hf° %°, ms, *^n° n^T s, tf° %o, snfo ?fent %fn° feno, 
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186; sm, %° , ms, ttjto n^n %, tTo, % 0> ffemfeo %fno (gfer) 

2 . aiii 4 i?T, nf°, sBranr, nf o gfo n«n s, t^o %o, sn^nfet +"ih 

3- igffegr, ST O 3TTTo, =tl<rA<, %o TT^o, |fer, 3ffo f o g?JT lET^Sp:, tr^Oj 5pfo spfo %fpo 
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7 . ^hh^t, nfo “fferffe ^rnwfeftfbp HAifHpm’’ in^rein, 1963 

8 . prefer? , ^fTo % 0 “TTopicfe %f?+^ nffei f? Hnwfefe’ gfe? fe, 
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srreft smt^r, srst fasrM w cm srw fprn: k 


9. 3f^r ; %o, sf^fto TTOo HtaTo (?rmT), 1955, a 227, 183 

10- #To TTrfOj “^FcjfefSFT 5 faife <61^” an# f 1 ?#, ^ 1976 
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cT^T 3TT ^q-Jffssr V* Gu-P f^7T 

fwfrrer ftr «T cT«rr anro 

g^ug ra re fa^fe gr Fr sr, 

[ 1, 1979 ] 

mrm 

^tt^t fkf[ snfrwMT ^rrsfr % 3tre aw spH ^ 3FprOT 
Fe OTT Mn OTvffe TT Cu — P 3RTTR fem 3T STRR *PTT 1 ^ R3I *RT % Cu 
cRT P ?T RT Mn RTT 3q^T f feg Fe ^T ^T^fer R ftr$R 5RR 

qf^TT I ^Tt^r HFe <RT Mn ^ RTT 3TRRT felT l 

Abstract 

Effect of Cu-P interaction on the availability of iron and manganese : an incubation 
study. By S. G. Misra and R. S. Dwivedi, Agricultural Chemistry Section, Depart- 
ment of Chemistry, University of Allahabad, Allahabad. 

Effect of Cu-P interaction on the availability of Fe and Mn has been studied by 
incubating a red soil under alternate wetting and drying cycle under laboratory condi- 
tion. It has been observed that availability of Mn increased whereas available Fe 
was not affected much except at high level of Cu along with P. Glucose in combi- 
nation with CuxP treatments increased the availability of Mn whereas the amount 
of available Fe has not been increased to the significant level except a remarkable 
increase under Cu treatments in presence of 2% glucose. The increase in the avail- 
ability of Fe and Mn has been suggested to be due to the formation of soluble phos- 
phates of manganese and a chelating and reducing effect of glucose under wetting - 
drying cycle on native Fe and Mn. 
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fsiW'Tm fftsrcRT 3ttto rrqo 


srrqq srsErsr^r qrrq fftft qfr qrq % ft# qqT qprrq nx qqft ftrffq Fe qqr Mn 
qqqrfer trCu-P strir fqrqr qq srqTq srrq qrftr qft sfe % q*q?r fqrqr qm i ^q qft. 
fftqrfftftr ft qqqfftqr qqrft qft ^fftqq q># % ftrft qjqrftr qft fftft ft srert qtrr i 

snrtTTT?^^ 

irarR vm fftft crm-^T ftbr P % ttr q^-q srqfetr qqfftq q^ftt | (^rr^ofY-i) i ^ft 
ftqr qffttqr % softer qqrfqr Tmr ft qqR f#rr qqr i fftft % qgft qft qprm qft q?r% ftqf 
qrq fkm qqt i fftq srftfq % fftft 100 rmr qjjqT 500 fftftt° % qqfqq fttqrff ft ftnrr qqr aftt 
fftaTTqfftcT % qq f#TT qqr I 

srqftq fttq ^ftnrf ft fftqrB rt i srqq sft»>ff ft Cu qqT p % =qn: m (o, 10, 25 m 
50 ppm ‘Cu CuS 0 4 .5H 2 0 % ^q ft q«TT 0,- 50, 100 cRT 200 ppm P Ca(H a P0 4 ) i! H 2 0 
% ¥<T ft) fftqpqq ^q ft fftft ft fftqnft qft (Factorial Combination) | fq sqftf ft *gqftq qff 
f#rr qqr i srcftqr % qtq-qrq qfttq fqrft *tft i 

fefrq ctstt fftrq =3# it sqf tb qq=qrq cfr ft ft, qq% mn srst: i % m: 2% qjqftsr 
ftt fftcTTqT JRT I 

W q^Tr ft srfftqrfftct fttqftt qft 40 0 giq qq tup afr# ir ^qq^ftq tom qqr sfk qq 
qrqt gqr srraT cfr jq: ftrfr qq w-x ftt ^rqi i ftr spbr 60 fftqf % qre fftqftr % qrjft fftqq 
qrq% qqif qqqrsq Cu, P, Fe cRt Mn qft qtqtq STTcT qft qft I ftt% fftft qqq: qq qqr q (n 
3frqqq fcqrfft, [2] fttqqqt 31 qqr ftqqq [4] qft fqfsrqf stf^B qr q€ i trrq qfRTTftf qq qiftqqrq 
fq#Rq f#rT qqT i srrq qfRrrq qr#f 2 ft f# qir 1 1 

qfwq cT«rr 

qR# 2 q m*z | ftr p ^ra% % qrq ftrqqf ir qqqsq P # qm «rft | q^TRqq 
qqqjoq Cu cm Fe qmrsff ft qift^ frq |3tt | i qqpqqrft ^gqftq spjqferfft ft, qq 
P qfr qraTprrcrr ftt qqqsq Cu qq qrq 0 35 ppm «tt ftf 200 ppm P fftqrft qq qsqq 
0'04 ppm ft qqr I ^ftt srqqq qqqsq Fe ^t qRT 27 25 ppm ft qqqrr; 10’50 ppm ft qf I 
fftqft ft Cu q^T Fe qq ^qqftq ft ftqr ?q qTq;3ff ^ %ftt srfftftq qrrtftq qqft % qqqw 
^t qwqq 1 1 

f?r% fftqfftr ^qqrsq Mn qm ft P qq qftqrq qntT % qqqq qfe «rtcft 1 1 ?qqq 
qrppq ft## qq#s qq ftrftftr | ftt srfftqr ^ftq 1 1 Cu % fft^nft ft ftt ffteqt ft qq q ^ q Mn 
qft TrrqT ft qfe ffftt 1 1 qqrfft ttr ft sqqraq Fe # qqqr ft ftt qfe ff fqqg Mn # prqt 
ft qf ^qr | ftk triftfi' mx qqr qff qfq qrcft i Cu # qm qsift % qm ^t qiPqf i T q ^t 
qqqftq ft qrftqr frq fsrr i 
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sfTsf swfer 

l sr^ts f*T££t % ^3 n*lRraEr-<i^iiiPi=n ’turtf 
fafsrear? ipreH 





*rm fozzt 



pH 


6.5 




CaC0 3 % 


0-27 






0.49 




Cu (ppm) 

0.25 




^q^TSST Fe (ppm) 

13.9 




^T^TgcT Mu (pp 

m ) 

26.9 




^T^FTgU (ppm 

0 

252.0 




^ % 


43-8 




% 


28.4 




¥f^T % 


27-8 



^T^ft 2 

T f*T?T %T ^Tfwsrftr H Cu :WT P % 3?K<JT Fe, Mn, Cu cfSTT 


Mn (ppm) 

Fe (ppm) 



*1 2 

3 

1 

2 

3 

Cu„ 

30.1 60.0 

93.6 

27.25 

29.25 

110.0 

Cu J0 

35 5 66.2 

102.5 

27.75 

37.35 

114.0 

CUjg 

39.6 67.0 

118.1 

28.25 

29.25 

115.0 

Cu so 

45.4 97.2 

118. 

30.75 

32 00 

1160 

C. D. 5% 

10.87 11.02 

10.64 

— 

— 

— 

Po 

30.1 60.0 

93.t> 

27.25 

29.25 

iio.u 

P 50 

36.0 66.0 

103.0 

15.75 

17.26 

19.0 

Pioo 

60.0 67.0 

108.0 

12.25 

14.75 

19.00 

P.oo 

78.0 115.4 

132.0 

10.50 

11.75 

15.75 

C. D. 5% 

10.87 11.02 

10.64 

9.54 

8.37 

9.73 


'dH^’sST Cu (ppm) 

P (ppm) 



*1 2 

3 

1 

2 

3 

Cu 0 

0.35 0.35 

0.40 

48.0 

41.6 

40.8 

Cu w 

0.45 0.45 

0.90 

46.4 

40.0 

35.6 

CUjg 

1.00 1.60 

2.55 

44.2 

37.6 

35.0 

Cujo 

1.05 2.45 

3.10 

44.05 

36.8 

34.5 


C. D. 5% 0 374 0.340 0.356 7J3 — 736 


Po 

0.35 

0.35 

0.40 

48.0 

41.6 

40.8 

Poo 

0.25 

0.20 

0.15 

52.0 

44.8 

40.0 

PlOO 

0.10 

0.05 

0.05 

77.6 

72.8 

68.0 

PjQO 

0.04 

0.04 

0.04 

112.0 

100.0 

97.6 

C. D. 5% 


0.340 

0.356 

7.23 

6.96 

7.36 


* 1=^+'W T%T 


2 = 1 % 


3=2% 
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fsmtTTsr fam -tot srrto mr° feCfi 

Cu fCsnC <TK Sqqpm Mn tm Fe if sft *rfe fr€t | 3SRTT 3T^ q>R<ir fqztf if 
fMwr ff *prtt 1 1 

5R faff it ^r?TT 5TRT | eft ^T% ^TRT fajft if ^Tssr Fe cr*TT Mn if fafcnj 
srfe Cleft | i ?*Rtt qrpcq- ?rf | f% ftrgr if »tjCm % faerm if stCqt q?r«rfCqt am hr% |^ 
Fe etstr Mn Ct fimqqtqrRr et«TT 5fTCCT^Rr 5Rt «RTef | I fagf if *prttr Cf 

ir Fe +S gsrr Mn w qtT Sfqwt ^fft fr HqteTT I I 2% mCt*T ^Ttt% 7T ^q^tsg Fe Ct JTRrr if Cr 
ateq-fepp qfe ^ft 5nCt | ^rtr qtRur srnq^r C ft ?r^err 1 1 %fet faff if fq% 
ct«n ^Tir qttwtRT qft ^mfs^r if *rk *?q it ^rrcr ^CNr ftm |, ?*rCt sttw ir qfr 
q?r sir msat i sift Cm qrCr Cr armmqKtT 1 1 

fm&T 

1. Cm, %o tt^to emir, 3tRo TRT°, Anal. Chem., 1953, 25, 655-669. 

2- Cteim, trifo 3TRo, cm, cto efto, qRRlt, qqto t^o q«n Cm, ^5fo lTo,U. S.D.A. 

Circ., 1954, 1939- 

3- sftRR, STRo Cto, Agronomy, 1965, 9, 963-73. 

4. t=KM , mt 0 tm°, Soil Chemical Analysis, sfferfm, Trifo tto, 1962. 
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smfsr *pt snror 

C\ 

fwrr'Tm cRT t^To gTvftaTC 

ffe T^rrtH 3F3*nn, thrr f^rm, 

^nfraT5 fa^gfen^m, 3*u^raR 

[ STO-faeTRR 1, 1979 ] 

srct?r 

3T?rfRf fifRT spT atWR 5T 5fOTTO — 3fT4#f?RJ 3n^T5mT fe%=F 3R5T 

^'ffeiffr ^ vtrt forest % nw fP*Rf f+^i 4^1 i ftpr <?r swr fir%^r 
% 4 *pfpr JR | rt|[ W f% ft^ST if 'tiK'PRff 3?T *TRIT 3?RT % fcwt'vffa ^PT 

URTT | l ^ft ffRTT3TT % SW S'RffST 'CTf’PRff ^ ST*fo ^TfT ftcTT | I 

Abstract 

Influence of complexants and period of incubation on “Phosphorus-Nickel” inter- 
action. By S. G. Misra and S. Muralidhar, Agricultural Chemistry Section, Depart- 
ment of Chemistry, University of Allahabad. 

Phosphorus-nickel interaction has been studied in presence of two complexants 
viz. oxalic and citric acids jointly by incubating red soil in beakers involving facto- 
rial combination of 4 levels of phosphorus and nickel. Increasing doses of P to soil 
showed an increase in extractable Ni. There is a significant decrease in available P 
due to addition of Ni at all levels. 

ZRlfq fRTaff *T pH>5T «fff dtld«Ipf rf fa>Ml 3TT fl«U 

I Tr f^f fH ^4 t fe Cl ] T tffacT ferr I % fife t 50 ppm fa%5T ft m TOT 

ffe l trfisr ^ arfsRT mm ffcft 1 1 *r ft%*r * OTvrfe 

<R 31%^ JRTT qiR%S, SgSTPRipf *#t ftwt 4T 3TSIPR f*RTT | ( 
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fwftaM fast mm 

^ mmfern arsmm ftefr mn vr femrc nmn 1 ark fn sfe fen ^ | % 
^p^.fnfe gpfen fen m nfnqnfe nrn qnrnnfn mt gfn*T ^ ft n% i 

smtntkrm 


«r «*m % ft* t* ^f^^^nff^rferr^'mr^^fenwnr, 
100 mn gffe fmrft qn 500 fmrto * *fect * few nm ^ark fearmfnn ^r % ftra fen 
w 1 fn srntn m ntn ^feff Jr rnnfemr ferr mn 1 qf# fenr Jr Ni <m p % m* nki m 
nnfer fen nm fernJr P rnt nm 0 , 50 , 100, 200 ppm nm Ni * 0, 10, 25 , 50 ppm 
mrt ni 1 P nm Ni % ktn qnrn: Ca(H 2 PC>4)2 • h 2° ^ NiS 0 4 H 2 0 fer nn 1 fentn nrn 
fntn =nfanf Jr nqg% nqnkr % mn ft arntferq? armr nm fefe mm ^ T njnqqfer 
€r mfer nmn 3rgqra Jr fen mn 1 snmt mmn 25+25 ppm nrn 50 + 50 ppm nf 1 nq- 
^rfer ffe€t %ngntm 35 ° no nr ipfefe fen w nfe ^ qq am % feu qrfe 
fen q^t mq qpti nf 1 ffe 0, 30 nm 60 fent % mn ng% '$** ^ ^fnfe Ni ^ mm 
to* nf.'Wmfern fetft^r N sntfemr fe^fe % fnmrfer m^rfer 
^karfern fnfn n Ni qn mnn ftur w i p > ww mremkn qn fermrnn os M ntfemr 
^rnfe (afem * fefen) few n fer nm 1 mn qferm nrfe 1-4 n gfrnr 1 1 


nfenm cr*n fa^raRT 

njmqnqqfr mt srmn : aratferm mm nm fnffe arm m ntnr nfnqnfe * fet 
nmTaff Jr % fent t$q> % fmrnt qr fnft * nqmssr fnfer Jr qfrf fern ffe nfr ^nt rnnt 
grnfe nqnsn qqmrkn Jf nfefetn ffe I# mnt | (nfeft 2) 1 

amfer : mfr anf mt arnfer 0 Jr 60 fen * srk anran ffet | nff 

?nf nnnsn qmmkn qn mn fen mm t mrfe mmfer fefer ^t nraT Jf nfes iw 

ffe | r 

q i i fe nn n«n fnfe % nsn anfen fen : nrfe 3 Jr nrs | fe> qnfekn ^t nqr 
^ Jr nqnan qnfekn « mm Jr ffe ffet | fefer fernt Jr nnt mn m: 
qqwfer ^t mm Jr rnnqj wn ftm 1 1 qnfekn ^t mm qfet Jr fe^q'nfe fefe ^t mm 
Jt mnq: ffe ^t rnnt | (mrTmt 4) 1 

gm+ n ^ em fe t5] % nm t fe mrfenn mqfe Jr nq«r«n fe%n * mm n?nt 1 1 f?jp 
^rmrc 6 3 n nfer fen | fm mg nmff n fe^n-femnm * mrnnnrn arfem 1 1 fe 
^mfe [7] 3 r grnn" fern I fe qt-^ ro Jt nnn fern sram qn Ni-P n^fem mmr | mtJr 
ferfftfr t fn^-fernmn qrr nmn ft mffJr 1 mffe 4 mn? % mq Ni 3 (P 0 4 ) 2 . 8 H 2 0 tnr 
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1 

<R sR=t^R 3Ri% *PT 5mR 


sR4f^SH STcffe 

(fer) 

3W P 

(ppm) 

gqstgq Ni 
(ppm) 


10 


27.94 

6-30 


30 


27.58 

4.46 


60 


27.17 

2.82 


S.E. 


0-455 

0-3596 


C.D. 

at 5% 

0.891 

0-704 




HTTRT 2 




qfaqri qft ; mfet <r y qnr spur 







■WR?T 

^w®^r p 

■'34*ri«3T Ni 




(ppm) 

(PPm) 


^ri rtc ?r§t 


25-51 

4.07 


50% 


27.17 

4-67 


100% 


30.03 

4.85 


S.E. 


0.455 

0.3596 


C.D. at 5% 


0.891 

0.704 




*TR*ft 3 




P (ppm) 




Po 

P 50 PlOO 

^200 


Ni 0 

7.21 

24-16 62-82 

87.07 

45.31 

Ni 10 

5.02 

20.82 22.87 

41.35 

22-5 1 


3-46 

18-66 22-9 

44-5 

22.88 

Ni 5u 

6.13 

16-38 16.44 

36-33 

19.57 

^TTSiT 

5-95 

20-00 32-00 

52.31 




P Ni 

PxNi 



S.E. 

0.70 0.70 

1.40 



(C.D.) 5% 1.37 1.37 

2.74 



-AP 15 
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ftmfrm r fasr g^fteR 


HR’ft 4 




OT?T®sr Ni (ppm) 




Po 

P50 

P100 

P 

r 200 

rrr 

Ni 0 

1.11 

2.65 

3.6 

3-91 

2.81 

Ni 

2-37 

2-98 

3.78 

4.3? 

3.36 

Nijg 

3.97 

4-13 

4.81 

5-63 

4.63 

Ni 50 

5.91 

6-8 

8.31 

8.22 

7-31 


3.34 

4.14 

5-12 

5.52 




p 

Ni 

Px Ni 



S.E: 

0.492 

0-492 

0.98 



C.D. 

5% 0.96 

0.96 

1-92 



tTq? g'cTr?. q?t srts frJt R=rr i f *ppr fJrRfa 2 w? Jr yr ft RT<rr 1 1 qr^Rr^qr w 

RtaJr % rtr fJr%sr Rt Wmm Jr ^ rcr fterr ^ngr 1 1 

RR°Tt l 5r«tT 2 ®r fef *rf qftorrtff €< Mr^t fRrrfe % % spjrr ft Rt rt 

Rrrft | fR?r% sr^g-R fRrpqrq srr rji% qR fg|r Jr flRjRftr 3r{%%<r frr rtrr cr-cTt 
1 1 srar ft%sr R«rr qjreqrter % nr«r ftrf'r Jr tfpraRR ft fa»n% RiJr | eft f^Jnr rrrtrt Jr 
I fe fteff | f5RT% qrrRir rtt ft%?r ft srfsjR fa%R ft Rrrrr | i uf f:Tcr f ft; fgfefr 

3?^ cprr arret fJpP strt rrt Jf RTRaq qrreqrt'Rr ft RfiJr rtJt ftft f i rrrg tk’JTrt Jr Rf 
fJr^' R^Rcrr | 1% qrr?ftRr Rr rr rsr Tf Jr Jr ff%R rt rr ffR srt trit 1 1 rrpr- 
^rr^ Rt arfaR qrrpftRT ^ ffg-firg- cjr% R|t ^pf rrcT | 1 srfsr^ rtr cir fg^f%3r?r % 'ttr- 
fJpRT qpt fRRTRRT 5TIR? ft qft T| <TT% I 

f^5TcTI-5TT'75T 

%^fi5'T Jr Jr f?' (g^fterc) ft ^rtF-tr trf aftetfeq; RgrrRTR qpRR, gf ff?ft it<t 
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2. TRtR, ffo sTo fasfo R(fgg j ^RrfRR pRRfRRTRR, 1974 " 



sr^fT^r ferr 


191 


3. fisr, fo aft°, Colorimetric Determinations of Traces of Elements 
<r(w>l%9FEr, ; ^T+' 1950 

4 gftRT'T, tr?fo STITo, spfcf, #0 afro, TTcHTf, trtfio ^T^fT 5 TT, tt^ 0 T°, o#fo 

tTo 939, (1954) 

5. 3TR° T^ 0 ) ^t° rf^l 3+3'H, %o ; 3^fo 3Tf5t HTpT, 1969, 

49, 335-342 

6- ^®^ c ’ TT° sT^IT S+H'T, STRo fo t c?rfe ti^ sTTf^T, 1955, 6, 1-15 

7. 5T3, *fto t^Tio, u %~ , trTo tr?T° WTo 5e5To, 'KTf?T HTfST BtHTo 

1964, 28, 363-65 
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(spr^Tt % Biographisch-literarisches Handworterbuch, Bd. 

VII. b-Poggendorff-Redaktion, Leipzig % 

An Introduction to Inorganic chemistry : for B. Sc. students of the Indian Universities 1 
(Allahabad ’34) 44-478. 2. AufL. unterdem Titel: Advanced inorganic chemistry 
for B. Sc. students (New Delhi ’44, ’50, ’52, ’54, ’56, ’58, ’60, ’61, ’63, ’65, ’67, 
’69, ’73, ’74 (mit G. D. Tuli, S. K. Basu); New Delhi ’74) 898 p. 

Agnihotra , or an ancient process of fumigation. A study from the chemical stand- 
point (Delhi ’37) 15 -f- 199 p.; 2 (New Delhi ’74) 1014-8 p, 

A 1 Critical Study of Philosophy of Day ananda* (Ajmer ’38) 3 4-4+454 p; 2* Aufl. unter 
dem Titel: Dayananda's outline of the Vedic Philosophy (New Delhi ’75) 

3+224 p. 

Humanitarian Diet 1 , (Allahabad ’41) 187 p.; 2 (Allahabad ’77) 224 p. 

A textbook of Analytical Chemistry for B. Sc. students (mit R. D. Tiwari.) (Allahabad, 
’45, ’48, ’51, ’55, ’59, ’62, ’63, 65, ’66) 323 p. 

Advanced chemical calculations in inorganic, analytical and physical chemistry (mit 
R. D. Tiwari) (New Delhi ’48, ’52, ’56, ’59, ’62) 427 p. 

Samanya Rasayana Sastra (¥RT^ TfrPWHTCW, Text book of general chemistry for 
B. Sc. students in Hindi) (Allahabad ’51) 1096+24 p. 

Advanced Chemistry of Rare Elements 1 (New Delhi ’56); 2 (New Delhi ’60) 4 + 665 p; 3 
(’66); amerikanische AafL (New York ’67) 8+808 p, 4 ('75) 889p. 

. Vaijnanika Vikasa ki Bharatiya Parampara , N^Itt m 4R+4 (Ancient 

traditions of sciences in India): A course of lectures to the Bihar State Academy 

of Literature, (Patna *54) 2+3+1+268+3 p, 

AP 1 
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Prccin Bharat men Rasayan ka Vikas, ^TT^T’T ^RTTcT *T 3f>r f^FTO", (Development 

of chemistry in ancient India) (Lucknow ’60) 850 p. 

Ultrasonics and Colloids (mit Asim Kumar Ghosh) (Allahabad ’61) 142 p. (Uttar 
Pradesh Scientific Research Committee Monographs, Bombay ’62) 142 p. 

Chemical Study of some Indian Archaeological Antiquities (mit N. S. Rawat) (Bombay- 
New Delhi-Newyork ’65) 85 p. (Uttar Pradesh State Council pf Scientific and 
Industrial Research Monograph 10) 

Founders of sciences in ancient India (New Delhi ’65) 2 + 6 + 6 + 675 p.; Hindi transla- 
tion (New Delhi ’67) 2+4 + 5+4+612+ 17 + 8 + 8 p. 

Satapatha Brahmanam , WR W (Hundred Paths-Ancient Vedic Treatise of the 
school of Sukla Yajurveda) (New Delhi, Vol I ’67: Vol. II ’69; Yol. III ’70) 
8+4+4+727p. of English Introduction; (Sanskrit text and Hindi translation 
by Ganga Prasad Upadhyaya, 1448 p. (Dr. Ratna Kumari Publication Series 
1, 2 and 3) (English introduction, Sanskrit text and Hindi translation) 

Baudhayana Sulba-Sutram, (Baudhayana’s aphorisms on Vedic 

geometry applied to fire-altars) (New Delhi ’68) 2 + 34+207 + 8 p, (Dr. Ratna 
Kumari Publication Series 4) (Text, Sanskrit commentary by Dvarakanatha 
Yajvan, English translation by G. Thibaut) 

Apastamba Sulba-Sutram , MTOd'M (Apastamba’s aphorisms on Vedic 

geometry applied to fire-altars) (New Delhi ’68) 2 + 30+261 + 119 p.; (Dr. 
Ratna Kumari Publication Series 5) (English translation by S. Prakash and 
notes and introduction; Sanskrit text and Sanskrit commentaries by Kapardi,. 
Karavinda and Sundararaja) 

A C riii cal Study of Brahmagupta and his works , a most distinguished Indian astronomer 
and mathematician, of the sixth century: (New Delhi ’68) 22+344 p. 

Chemistry for Engineers for University and Technological Institutions (mit S. P. Sangal) 
(Allahabad ’69) 707 p. 

Vincit Veritas (collection of lectures on Indian culture and philosophy in South 
Africa) (Allahabad ’71) 331 p. 

Standard English Hindi Dictionary (mit Balbhadra Prasad Misra) (Allahabad ’71) 
49+1573+3 p. 
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Man and His Religion (Nairobi, Kenya ’72) 103 p; Indian reprint New Delhi ’73) 96 
p; translation in Swahili (Nairobi, Kenya ’76) 96 p; Hindi translation 
(Allahabad ’75) 103 p 

Sabun aur Glycerine aft* forcrcft (Soap and Glycerine) (Lucknow ’66) 12+ 495 p- 

Rasayanik Shilp ki Ekaka Sankriyayen, TOwPit. fWT# (Unit operations 

of chemical technology in Hindi) (mit Shubha Laxmi) (Lucknow ’73) 
623+ 19 p. 

Bhautik Rasayan , tftfcp (Text Book of Physical Chemistry in Hindi) (mit 

Sheo Prakash) (Lucknow ’69) 10+537 p. 

The Nectareal Songs of the Vedas (New Delhi *75) 50+1 p, 

JPatanjala Rajayoga (The ancient system of Yoga introduced by Patanjali) (New Delhi 
’75) 10 + 347 p. (Indonesion translation, by Drs, Maijor Polak, Denpasar, ’80) 

222 - 1 p- 

P arables and Dialogues from the Upanisads (New Delhi ’75) 13+204 p. 

„ Physico-ehemical Aspects of High Polymers (mit Som Prakash Srivastava) (New Delhi 
’77) 6+222 p (Science Pocket Monograph Series 1) 

Bhautik aur Rasayanik Niyatanka , folcIFP, (Tables of Physical 

and Chemical Constants) (with Usha Jyotismati) (Lucknow ’78) 11 + 314 p. 

The Bakhshali Manuscript , on ancient treatise of Indian Arithmetic (with Usha 
Jyotishmati) (Allahabad ’79) 108+71 + 3 p. 

The Sulba Sutras, Texts on the Yedic geometry (with Usha Jyotishmati) (Allahabad 
’79) 87+156+4 p. 

The Rigveda Samhita (Text and English translation with notes) (with Satyakama 
Vidyalankar); VoL I, Introduction and Index, New Delhi ’77) 270— 132 p; 
Vol. II, Book I, hymns 1-121, ’77; VoL III, Book I, hymns 122-191; ’77; 
VoL IV, Book II, hymns 1-43; Book III, hymns 1-62, ’77; VoL V-VI, Book IV, 
hymns 1-58, Book V, hymns 1-87, ’87; 1952 TO smfsRt 
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Acustica Ultrasonic studies in sulfosalicylic acid chelates of Cd(II) and Th(IV) ll r 
19 (’67) 98 (102) [m. deutscher und franzos Zusammenfasag.] 

Non-linearity acoustic parameter in higher alkenes 11 ’ 2S , 27 (’72) 28-30. 

Allahabad University Studies Formation of Inorganic Jellies: 8 (’32)119-54. 

Formation of Organic Jellies I: X (’33) 257-83. 

The theory of Clotting of Blood, 3: The indefinite fluidity of blood in body- 

vessels, and the relation between setting time and syneresis of blood clot: 11 
(’35) 43 If. 

Nagatively charged sols of ferric tungstater molybdate, arsenate, phosphate 

and borate 15 : 1943 (chem. sect.) 1-18. 

Ultrasonic waves and chemical systems 17 ’ 10 : 1965 1-21. 

Ultrasonically induced cavitation 17 23-45. 

Biochemische Z. Zur Theorie der Biutgerinnung [, 1]: 249 (’32) 39-47. 

Bull. Chem. Soc. , Japan. The oxidation of Fe 2+ by ultrasound 17 ’ 30 : 37 (’64 
1404-07. 

Stability of cobalt ferrocyanide sol in ultrasonic field. The ultrasonic 

dispersion of cobalt ferrocyanide 18 ’ 19 : 38 (’65) 1426-30. 

Relation between ultrasonic velocity and viscosity in aqueous solutions of 
electrolytes 20 ,J2 , 39 (’66) 2114-16. 

Chimie Analyt. Action des ultrasons sur les halogenures organiques. Decom- 
position ultrasonique d’une solution aqueuse de tetrachloropropane 17 (4) 46 (’64). 


L effect d’ondes utlrasoniques sur un hydrosel de platine 18 (4) 47 (’65) 

188 - 93 * 

Etudes potentiometriques et conductometriques de la stabilite de L’hydrosal 
de tellure dans un champ d’ultrasons 19 18 :: (4) 47 (’65) 304.08, 

„„ ~~?' C ° l0rati0n Par ultraS0DS des solutions de bleu de methylene 21 23 : 51 
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Current Sci. Temperature of zero conductance of certain dyes 26 : 18 (’49) 403f. 

IndianJ Chem . Effect of concentration, bulk aod intensity on the sonochemi- 
cal decomposition of tetrachloroethane 17 ’ 9 : 2 (’64) 76-77. 

Relation between ultrasonic velocity and viscosity in aqueous solutions of 

silver nitrate 33 2 (64) 499-500. 

Decolorization of Amaranth 0 dye by ultrasonic waves 18 527 : 5 (’67) 3-5. 

Method for calculation of stability constants of complexes from ultrasonic 

velocity measurememts 32 520 : 6 (’68) 31-33. 

Eletrical and thermal resistivities of copper, silver and gold 27 21 ; 13 (’75) 

123-28. 

Indian J. Physics and Proc. Indian Assoc . Cuhivat. Sci . Cryotropic behaviour 
of some inorganic jellies: 8 (’33/34) 231-42. 

Magnetic study of sols, and gels, I : 8 (’33/34) 243-58. 

Velocity of ultrasonic waves in solutions of electrolytes 32 : 32 (’58) 62-65. 

J, Acoust. Soc . America . Kinetics of the decolorization of Congo red under 
ultrasonic radiation 19 : 32 (’60) 138-40. 

J. Colloid and Interface Sci : The influence of ultrasonic waves on silver 
hydrosol 7 : 14 (’59) 338-42. 

J. Indian Chem. Soc. Abclimatization and Ionic antagonism with sheep serum 
and other colloids 8 ’ 4 : 5 (’28) 313-28. 

Changes in viscocity and hydrogen ion concentration of some inorganic 

substances during the process of jelly formation 4 : 6 (’29) 391-409. 

Preparations of jellies of some inorganic substances 4 : 6 (’29) 587-98. 

Preparation of borate, tungstate, molybdate and other jellies and study of 

mercurisulf osalicylic acid jellies 4 : 7 (’30) 367-78. 

Influence of the concentration of coagulating electrolyte, time and temper- 
ature on the syneresis of some inorganic jellies 4 : 7 (’30) 417-34. 

'Preparation and study of some hydroxide jellies 4 : 7 (’30) 591-606. 



198 


stcst 


Reversal of charge of serum and its coagulation and gelatinization with 

acids 4 7 (’30) 723-32. 

Thixotropic behaviour of thorium jellies 2 : 8 (’31) 549-56. 

A note on the relation between coagulation and gelation points of sols: 9 

(’32) 137-39. 

Influence of temperature on the setting of inorganic jellies: 9 (’32) 193-202. 

On the stability of lithium urate sols: 10 (’33) 35-39. 

Preparation and proprties of zirconium sulfosalicylic acid jellies: 10 (’33) 

281-85. 

Study of inorganic jellies: P. C. Ray volume (’33) 99-106. 

A note on the formation of a ruby-red jelly of zirconium sulfosalicylic 

acid i : 11 (’34) 419-20f. 

On magnetic birefringence i n mercurisulfosalicylic acid sols 1 : 11 (’34) 

449-54. 


Studies in the negatively charged colloidal solutions of various ferrric 

salts, 1: negatively charged mixed sol of ferric oxide and ferric vanadate l5 : 23 (’46) 
1 1 1-16.’ — '2: Negatively charged ferric borate sol 15 : 391-96.~3: Negatively charged 
mixed sol of ferric oxide and ferric molybdate 15 : 413-19.^4: Negatively charged 
ferric tungstate sol 35 : 445-50: ^5 Negatively charged ferric arsenate sol 15 : 24 
(’47) 389-95. 

Hydrogen ion concentration and absorption of nickel acetylacetone 34 : 33 

(’56) 761 f. 

Studies in complex formation with colloidal mercurisulfosalicylic acid, 

1: Complex beryllium mercurisulfosalicylic acid 29 : 34 (’57) 197-203; ~2: Complex 
aluminium mercurisulphosalicylate 29 : 807-13; ~3: Uranyl mercurisulfosalicylate 29 
35 (’58) 555-61. 

Complex formation of uranyl ion with o-cresotic acid. Potentiometric, 

colorimetric and conductometric study 34 : 35 (’58) 119-24. 


Composition of cupric o-cresotate chelates: a colorimetric study 34 139-43. 

Preparation of thorium jellies with pyridine bases 3 : 34 (’57) 779. 
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— -Formation of aluminum c?-cresotate chelate: potentiomertie and con- 
ductometric studies 34 : 35 (’58) 445 -50. 

Decomposition of organic halogen compounds by ultrasonic waves, 2: 

Mechanism of the decomposition of methylene dichloride in aqueous solutions £ -: 
ibid 797-803. 

Composition and apparent instability constant of uranvl l-hydroxy-2- 

naphthoate chelate 34 : 36 (’59) 19-22. 

The influence of ultrasonic waves on gold hydrosol 7 : ibid 396-98* 

Kinetics of the fading of chrysoidine under ultrasonics 19 : ibid 601-04* 

The effect of ultrasonic waves on Oden’s sulphur sol 16 : ibid 696-98. 

Temperature effect on the moleular solution volumes of urea, potassium 

iodide, potassium, chloride and potassium chromate 26 ’ 9 : 40 (’63) 700-02. 

Inhibition of ultrasonic decomposition of aqueous organic halides in 

presence of ethanol acetone and dioxan 17 : 41 ('64) 315-18. 

Ultrasonic coagulation of selenium sol in presence of oxygen and in 

presence of organic substances 18 : 42 ('65) 91-96. 

Stability of nickel ferrocyanide sol in an ultrasonic field: sonodispersion 

of nickel ferrocyanide 18 ’ 19 : 44 (’67) 508-12. 

J. Physic, and Colloid Chem . Ultrasonic studies of thorium phosphate jellies at 
different temperatures 31 13 ’55 (’51) 1413-17. 

J. Physic . Chem. Coagulation of blood and milk by electrolytes and the 
similarity between the clotting of blood and the formation of jellies. 4 : 33 (’29) 
459-66. 

Influence of temperature on the coagulation of sols, and the problem of 

acclimatization of animals 4 ; 34 (’30) 954-62. 

Influence of electrolytes on the syneresis and clotting of blood 4 : 35 (’31) 

629-37. 
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Variations in extinction coefficients during the course of jelly formation- 

36 (’32) 2483-2496. 

Conductivity measurements of thorium and other jelly-forming systems: 

37 (’33) 907-16. 

Temperatures of zeroconductance and infinite viscosity of some negatively 

charged colloidal systems 15 : 50 (’461 251-56. 

Structural study of the complex barium citrate by ultrasonic waves 9 ’ 17 : 

68 (’64) 3078-8. 

Structural studies of chelates by ultrasonic waves 20 : 70 (’66) 3325--29. 

J. Prakt. Chem. Kinetics and mechanism of sonochemical decomposition of 
aqueous bromoform solution 17 ’ 30 : (4) 26 (’64) 140-46. 

J. Sci. and Industr. Res. Sec. B Relationships between ultrasonic velocity, 
compressibilities and certain thermodynamic functions 17 : 21 (’62) 593-95, 

Chemical reactions induced or catalysed by ultrasonic waves: Decoloriza- 

tion of dyes by ultrasonic waves' 9 : 24 {’65) 629-30f. 

Kolloid-Z. Ueber grenzflachengebundenes und Strukturmasig gebundenes 
Wasser in anorganischen Gallerten: 60 (’32) 184-91. 

Bemerkung fiber die Bildung von Spiralringen in trocknenden Gelen 8 : 

63 (’33) 315. 


Ober die Kontinuitat der Phasen wfiherend der Sol-Gel Umwandlung: 64 

(’ 33 ) 293 - 300 . 

Die Theorie der Blutgerinnung, 2: 65 (’33) 88-92. 


Viskositatsanderungen an gelbilden den Solen in Abhangigkeit von Zeit und 
Elektrolytkonzentration 21 : 121 (’51) 147-51. 

Viskositat und Kinetik bei der Bildung einiger anorgenischer Gele (Kinetik 
der Sol-Gel-Transformation) 24 : 128 (’52) 15-18. 

Untersuchungen fiber kolloidale Sulfosalicylsaure, 1; Komplexbildung mit 

dreiwertigem Eisen 29 : 142 (’55) 24-27 [m. engl. Zurammenfassung.] 
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Uber Einfluss von Neutralsalzen auf did Letfahigkeii des Quecksilber (II) 
■sulfosalicylsauresolz 29 : 133 (’53) 38f. 

A note on the influence of ultrasonic waves on the conductivity of colloidal 

•solutions 7 : 151 (’57) 72f. 

The influence of ultrasonic waves on the hydrogen ion concentration and 

the stability of colloidal solutions 7 : 158 (’58) 33-35 [m. deutscher Zusammenfassung]. 

Preparation of Zirconium jellies with a pyridine base 3 : 158 (’58) !30f. 

The influence of ultrasonic waves on the viscosity of ceric hydroxide sol 7 : 

160 (’58) 33-35 [m. deutscher Zusammenfassnug]. 

The influence of ultrasonic waves on the viscosity and stability of vanadium 

pentoxide sol 16 : 167 (’59) 39-41 [rJ\. 

Decolonisation of Brilliant Green under ultrasonic radiations 19 : 175 (’61) 

50-53. [rJ\. 

The influence of ultrasonic waves on manganese dioxide sol 16 : 175 (’61) 

56-58 H- 

Influence of ultrasonic waves on cobaltous hydroxide sol 16 : 181 (’62) 

46-49 H* 


Ultrasonic decolorization of Safranine-0 19 : 187 (’63) 53-56 [~j. 

— — Ultrasonic decolorization of Bromocresol green 19 : 188 (’63) 59-61 

The influence of ultrasonic waves on manganese dioxide sol in the atmos- 
phere of nitrogen 18 : 188 (’63) 136-38 [~]. 

Influence of ultrasonic waves on tellurium hydiosol 16 : 190 (’63) 60-62 

— The influence of ultrasonic waves on selenium hydrosol 16 : 190 (’63} 
135-38 H- 

Nature [London] Preparation of ferric succinate jellies 15 : 163 (’49) 878. 

Ultrasonic velocity in potassium chloride solutions in the region of their 

negative viscosities 24 * 33 : 168 (’51) 522f. 

Inhibition of ultrasonic decolorization of Rhodamine E in presence of 

organic substances 19 : 191 (’61) 1292. 
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52 (’65) Ilf. 
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istudy: 3 (’60) 241-47. 
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319-25; : Oxidation of colloids 16 : 4 (’61) 327-34. 
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fefsr £tti sirefa sfh: 

gsTTSlf 3TSJIJR 

%o wftam fr^^r 

tht^r firow, gg n fwre 

[ttb — - orwft 15, 1980] 

tfTTTSI 

qrpsioir g^rff 3>t tffMdt % Ci't'.’li'b M^'HT 5fT=W ^KdW ^pfWT TT 

f^wcrr ar 3TSJW ferr *pit i srswq % fotr sn^r (^mrquf) tjjrair % ^=p< 

JpfTsfi ^ % *lfcd<b faqqg' ’TIT, fv>H% SiraK TT ?%7r-fePT 3»T 3<PW =t><.+ 

rjvrptr fa%r?t srr 1 1 sr?#T gq^cEr gswr gc^ror *r ft t 3jSV<t>rsr 

tjsrq faq scqf ^ srat wrat 4f , 3rk fog iffk: sst ^ ^rfor vf iw ftw 

spt ^5T3ff # jft 3TT5TT # *fT g^t *ft I «t>wfw, VIRcT-tiWHl, W^Tfg, fWPT, W ^ ^t, 

tffoq, <fo =ft, grar^q- % qfgs ^i^iiff ’jsfor qq siEqqg ntd,d 

foqT w i 

Abstract 

Ultrasonic study of the heterogeneity of some of the ancient and mediaeval Indian 
Coins. By Satya Prakash and VenuGopala Krishnamurthy, Department of Che- 
mistry, University of Allahabad, Allahabad. 

The ultrasonic pulse-technique was utilized for the study of the elastic constants 
of several ancient and mediaeval coins of India,— punch-marked coins, lndo-sassanian 
coins, Lanky Bull coins, Kushana coins, Oudh coins, Kashmir coins. Yaudheya coins, 
Bahamani coins and Moghul coins. In the case of coins of heterogeneous nature, 
involving poor moulding technique, the critical angles for obverse and reverse in 
various positions indicated marked variations. Applying Snell s law, the several 
elastic constants were calculated from the density of the coin and the fust and the 
second critical angles. 
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araPRrprr am §r° tptqnar f^rffcr 


ptdlfeffi WR?ff StjR STRk piaff % ajaTFrfpr ark kfaRT Takrof ^ afTT 
«trt adraifo qr «rr i ptoi srkk pr ^r aramar fckm afk qfteR kkam (Klaproth) 
% fen i p qk pkt 3fk wr gsT3ff Ta *n, k art, karar, k% ark kk k kt k 
(1798-1815 if #qrN- % sar anamif ark qftem <s~r rpprfer fer i) gkakf sraff if kfer 
XaTRnkarraff if WH 500 31=#! pT3TT <re RRT fen I k?n (Bibra) 2 sfk 
(Hofmann) 3 % qtpf nRR if Skfek | I pR % 3Tfa p PR ^0^1% % ft =tRT | 

arkr n kamr knt gsTsfr rt k kkRT fen, fef fn part k snNkan Jr arkf «rr i 
20 k nafr at p fear p nraafk pT % natem qrr fefe fnaran 1 1 p pr feanr 
(Lettsem) k ferr *ft, p fek k k ark ^T% ffePr-kF <Tanp (Flight) % srqrrftra 
fer | 4 


nrkra afe snr. fefr (E.R. Galey) Jr fkk kam ?nk Jr frn ark pm % fJrfef 
ny pat paptf qk fen afk afer kn-rnm wrfnar ffe i 5 nraar if praran-yarm 

yfnk STKffeF qfe RTTaRTTf (Sanaullah) sfk ftfk (Hamid) rfn f fepFT fep f^xar 

ankftffenr arn arm iffen k nrffe faksf Jr 1 1 nraRT %• arraf afk fferpaff qrr stsitjtr 
arm (Lai) % k fen I aranmFm afk Tran (Prakash and Rawat) Jr kamk Jf tug 
kfen snkn ppfT rn fefen k fen |6 araniFFTn ark Tfe? fp (Prakash and 
Rajendra Singh) Jr 5PTFT fenffeRR Jr nraafk pTaff % feJppJr 3fk apRlR k kt 
arnffen fR ^ aft I arffr mm°H ^jiaif Jr %^ra: TT^T^rr^fkr rrsiaff app ^T TRrprfrqr 
fqRT, iR^strrrfJjpP fareJRR «ft f%R ark parr % p ^rr prekf ktjm'rr (microphoto- 
graph) % arsinpT fkTT, «A<. 9^61 =|ff af"T T i'i laft (microstructures) % kar ^ft fapr | 

wra - sfr?: <k'a fp % apr% 3TstTtR qft ‘qiTf^ar tpr^ ff 3 ^rT , J RRqr ^ 

SRTTfw €t ferr i 

prafr % 5ra% ^t qrT^ ^^fr-^^ft aft rrt Jf TRtrRkr Tfr, afk ^nft-qr^ft wpr-rr 
% arr^a: ?fr pr? 5Ffr snafr y|t | i part ^t ^qtfrq' atnqK t ftarr 1 1 ^sr Jf 
arfar?’ p rw qff Rsraff fT 1 1 strr artR ^ ^rryata4 rrro rw ?ran"a qft afRT 
*+><idf Tfr (fartraraRT aR arq? sr arqr f% apckrT afk aw^tqn' ^t ^Rt qn' Tarr 
per n aroT ) i ?rfetr % otr w qR #trar qft part % fJt% RKt, arRT, araarr, p 
afk aftHT vr aRaft % fJpsff qn wt wk ^aranc fTarr p i afk # pk >raT qra tn^ 
% ’TTR 9T k #Rt aikt pt, aik ikr 3Trpr ^ft ??r% i qrarar: pk afrr|f Jr afk ^t 
pk sp qnr ft^rat 1 1 an% qfr akt praff Jf ^Mt ark p sftft an cirt «ft parr 1 1 afk 

# kft aft |t rrRT ft arT far% qkm k pr fJrsrp ??raft | afr -kpr (electrum) rtt 
% srfars 1 1 ^amafk m parr qrr ark ksrsRkf if karw p ifarfjakrnaff 

% f+9l I 7 aidi+c (Altekar), ir^ar (Brown), R2off (Ghatterjee, C.D.), p 
(Gupta, P.L.); RWr(Narayan A.K.), farfar (Singhal, C.R.), fatR( Smith, V.A.), 8 
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fftfft gm tooth hot# m otsrh 

O 

5To ftk«m ’TTf^T (Sahni) % 3Pf% p HTOTp p if TO TO TOTH spr fftCOTI felT, 

fftnrot % hith % #ftTO otot ft ffti% gift *rft % i * ar# gra if ott# ftprop? 
tKWot ft ‘‘toot % to#h top? toth” hot ft p pro spprflrar to |, ft# toot # to#h 
to ^toth ftnrr hot 1 1 18 to hot if h#othk, hptht, item, pr tot ft#pftt 

ftt HTOTraT# TO si eft « | I H#HTOTH OTHHT (fOTTOT) % {HHtOTHT TOOTH ftp# if fttftftt, 

HiOTtH-rorH Traraf tot otihstt, ffw to# pw to di»iww tot h# |; si# topt 

ott# #^n 3 ff if ?rNt tot sot % tro gif hoth to f sr fftro ftf fftftt f 1 tototo h#tof 

HTfftt ft 3 pftt toh htt Hrorrar % OTOTg ft frog m, ftt Ttfcra % ft fftsft ftf sftr 

p ftt fttftftf ftt p gfc^of sqpsTjsn ?fj 1 toot ft aro ftt m^e ottottoth tot ffftr, toot 
OT ftf Hff 1 Traftk stoihw gr, ot fnfeOT otto## ftt, ftroft to pgr pr fftro ftt 
HT 5 to pr fftrr *rr, gHiftq froft fftror frog ftftt ft# sftfti ft soft ft, ft# toot ottott 
ft to oth Pot fronTO ftt tot ftt fttf toi tohh h|t ft# ftr 1 fron ftp ftft hoth ftt 
3nft ft to pift ptOT H fftgftf ftt hot hot Hf#rr fft# Shot hoth toh ft 1 gfftsr 
ft# Hipff % ottoth ft Ptoth toot# % hoth #n pro ftm to 1 

otototh p graft ft Hggr HTHrofftHf ~hth to ?if srnnfft^ s?g?g gff «tt i fft# 
graft graf # sgfftFRT fftyFTT ft fftft- «TT fft €t S^ii Wmj ff f 

(’Erafftt, homogenous m fgWT’ft, heterogenous) l gftl gf fsr^T HT3 ft fftftra *lWail ^T 

ar^qrra ^r «tt jit fftw ftk ^rar # sir ^rft gro to fro *rfft ft ftsft ftm, gg to ^ht 

to gftf §f 32 T sst fftro m to fRT fftro toot 1 1 toto tot fftron ft m «ift w totow 

# 5TFTO TOft TO TOW =roft I Sifit snftH 3flfg TO fftgtfftg prat (punch-marked coins) 

ft ftroc an f fTO prat to # ^rrororo to atwror TOraTO fftfft ft fro Iron 1 to# sttoto 

% TOft TO ftr TO ft TO TO SfTOTO TOC p i l TOfrf pft TOTOTO TOJI ft ftt sifts |, 

fftftftt fftsiftf ft |r tototo'^ (TOfa, fpfet) p^ft | 1 ft TO 5 #ra pft pfftro ft 

atTTOTOt ftp# fTOft TOT ft n-qf«ia ftf, TOTO s?ft<a f*TTt t»ilfw ft 4gTO feTO 

tot| 1 


aftTTOTfttTO 

M CTOTO-fftfft # fftftTOT Tff fft» TO% M 4 l 4 l ft pT TO fTOTT # TtTOT 5 t Stltf df f 
ft# I TO srfttftf % fetr #ror # TO* TOTTOfTOTpftro ftft| I ftTO(LC)ft TO## ft giftt ?m 
(TFft aftr p TO TO^ra TOft fttft TOTO % f#r fin! |, 1% hi# at# p % ft# ft TOf # Td=t> 
to wmfci gfrorr pf ft#, p arprofftro ft to toot 1 1 } fero to to to# ft ^tsroro 
toot 1 1 tra ft TOTO-roror # #roff to: frosw % # p pftft tototo m ftift 

| I ft fegTO sFTOT: diTO TOTO! ft# ftfttTOC (atfftTOft) TO TOR - TOOT | ! TO TOftTO TO HPT TOTF- 
ftroftro (fTOf-irfftfftf 1 1 TO TOftfft ft (SG) fe*:w#TO ftroro (ararrofero Synchro- 
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cT^rr %o ^jfrrrcT fn-q^fg 


nizing generator), TBG, TOq-anqTftg aifqq (time-based generator), WBA, qftMbig 
'-blit <. (wide band amplifier, qqqqt), DA, tpRftqqqR (detector, arfTRTT'R'), 

3ftT OPA, f?pfcr-SR#^ (output amplifier) qq qqRS TOtTO ffaT f | OSC, q hrHgtsfl - 
oscillograph | sfRr OPS f^Ta WR (out put stage) | | (fqq l) I 



f%q 1 PR? qfqfq (pulse technique) 


5TRtR ir 55T (fqq%) qq srnrg qpg % qwrq qp 1 1 fqR sfft 

°ild q I qtil qR% TT 90° % RcfT |[f qt 5t>lPdq> qrtiT (critical angle) HTTfl fjpt (0j 
ti 2 ) I tJST SFjtsq qpq (longitudinal wave) qq fqqq % 5T*q^q (90" qr) gqq 

qrqr if gtqr % if f5T if ?r atrcqrc qsfr ^rRnfr i gsr ftm qrc t*r t?f q^ 

90° % qR ffaT WIT, rft trqt qqq $gT 3q%qt f% aq^t^f cR*r fqefq qf %q% % q^r 
fiRRtft (spjtsg cncq qq tor fhrT) i ^q qffur qq srro qqffqqr qftur (^) q>fif i 
% sftr qf fq# an% qx e?ni $tPtH qro (0 2 ) fq%qr — qf qf qfhJT |, qp srq^qqt g 
(Shear waves) qq qr pm *f qncroq qq? qprqr I w fqferq? qfta' % sjFf q?V 5T5^qr if 
trsri cRtft wpSq qrmrq fqqqqr q?? tort (qfq pr rapcrq-^tq armr qft t 
ScqRq fqqdiq>— qqqq srcgqr 5?:% qr g qfe R q Titq sqq fr qtr 
81 ^ S 2 1 V* §ST TOqvtft 3Rqr SRqror fqqqtq? (elastic constants) 

fror qpftqroff % arrarc tp fqqqqr qqs% | — 

V'l=V l I Sin e, 

V' s =V L jsind t 

iq toNfot if sr q si^ rof qq qq v L f \ pr if wm tot qieft srIst gtq qq 
%q V ’ L |, ark ^ST q gl+< TOT qqf)- arq^q^ qqtr qq qq V's | I qqlstf ^ grqrq- 


I 4 !# }%» % 
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TOSTsq- kfe CRT SRftU *T3T3ft HU 3?FUUH 

>3 

UT*rr nukrap d x f, aik sro sfufeR w a 2 =ru*t *fh*u wut % i ^st 

% spuhh *r fun ukt hu sh % ^u u jw kurr, a?k 27°C un umu ku* i 27 °C m 
uufr % ?rttR 3Rtsf ukff hu hu 1470 ukr / uhr? ut h h: - u?hru kugtH; funuk uir i 

fcT^rRT 

?gir skf uff fk kfk?r twf hu smjfuH; ukfefi u ^t ?rau *r cm sfk uur hu 
aps^r fcpm rut srrur 1 1 gsru ?ft uk uk u*riu ^u % hu ^rut 1 1 uft Hutu | fk 
^TR'nt i ir sreftru sn^f-w jjhtut u 0, sfk e 3 hurr hurt it hu# fenra uhr ufr | i hth 

four 3(k ufem fem t t?,U UT#t JJST (obverse, far) sfk UHUt U37 (reverse, |E5) ?m u 
URUt 1 t fU% UTffkP ajSTU uf — URU, URU, kRU, 3RU UTR %sff HTt I *PU ^ff U kf 
j^iu fq^tsmtJi suut urat h^t f , t uuiutpuf i 

xsfo jtRt fcnr aprsft hu fu% uw-ru ferr, t k^Tkut ur srtfg ^jxit 

(punch-marked) apfuret 1 1 shut juut hut nuukur ut 1 1 #to fto hutput (1949) H 

tprt ^ftiHTfcp utunkt (mu# urerr) sk'HU u ar| %r M+ifw-a kk tuhu uu-uth# 
^wf hu fm^r fmRu feu uht 1 1 u % |hrt hu urhr foR hu ^mfr 4f sfR urm ir 

spt^: ut l #srr4t % ^ h;| mff u feuikru ffeu |, ark uu% feupR hu utur ^st hu 
^g^cTT | 1 3ft *pCT feuft STHRcT TfT, ft W ft TRT 1 ^5Trff ^t fTOT S^WIRT # 
g^Hk? <R Tft ftpR Tft l 3fT?5I lk5T ^ tft 3HfH HFU H* | (230 B.C.) I garffjgT 37t 
STTfrr HU f^RT k l HR HT H fetT I t%H% ^CTRIT T%1 SffHR 

fnwt TT5T t at % | r 3ik k^t kufr Jr x& m uf i h^Rcutt rrafert * stTfu % 

<^gt irt ap TT c R R 1 1 snrrasru % hr ^frur, ^rapfk>, hrrhh, hIrh, ^rfr- 

W, =HR^ ^Tk HPT HTpm USR l HttUTO fT (Bodenayakanur) RF5R (USTTT tkfPR U) 
^(ft HiINk 11 ! M’STiTT HU 3)^1 TBtf ^ I 3 kR 5R?T H> <^K1 fk^TT U TT? h u s R PRiT kfTPT 1245 
gnfcT U5TU (HUHkw) Rkt <pt *ft I U TRUaraUT ^tUHf-TRq HU ^ (irtT % 5 HIST ^) I 
ITUo % grnf 5R5T apt 3U^T USiaff HU kRU Wlfiild f%UT | (U^RT 3fk R%R %f , 

(Coinage in Ancient India, 3PHTU 5, 85-101 ) 1 

feTT |, ‘31% | f% % UR SR%H? f%H% 

if TO-^rnT % ms ^ttu %, ufisRr afk htu % Trm n kuu m?u 1 1 uf fwai ^uteaur 
^faRT HRUt % fa TRT TTTHHT kUTHT kuU |-Hf?ft ^ST % ktq 9 i= 14 % 40 s , 23°, 19%— 
tpOTT itsuufWt 1 fl, HU Tnu Tft 28°, 60 s , 51 s , 52 s ^ UHUH | l 

BRUt 3 *r fU% UT URU-UWTUT aRT3!T HU kur I 1 Ul^fT JTJT (^TR 3-o5 UTU) 

*t THTTUcfr 3 tkHT I I surf HU5k URHTUt % # U^t UUR I 1 ^tkpr ^ ^ 

■URf kukut t w WR t-^17% 17 s , 17°30', 17 s , ^ Wt UHU 41 s 
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WcWWTW cTWT %o fejfeqTW lF«l^Td 

3 fe 43' % #w it 1 1 f?ro wrfe-xnxrTwr wst (wtx 3‘716 wnr) qffe wst fe srfeT srfsre 
f qq-Hife | ( 0 1 =22°, 19° 30', 22° 30', 21° 30', afe 0 2 = 41°, 50°, 43°, 44°) | 

<rrxwt 4 it fx wrr aw ffexw ffer qqr 1 1 fe qfT fe fafe wf wp wz fex 
Tj-qpr sft, fex ffe qnfwre fere fer fet wife i wfepr war % ww-wtw (obverse) qx qnxq- 
ffe q^ wr ffe wwt ferr |, fferer fferr fei wrwr fex pxr twfer ferr 1 1 ffe cpss 
inw qx war, *4 fere wr ffe srere wr ferf fex ffe fen 1 1 s^fafe % ffex fet ?r 
WSTW | (325-25 B.C. WT fet gf) I 

qixwt 5 if fife grew crm wsrfe % ffe an fere few ffe | i ft wsrfe % ipr-wnr 
qr xtwt aw ffe fex fw% gre wrw qx fefe qnfefe fere wr ffe wpi qgre | (25-425 A. 
D.) i gw fxr xrqw qfe wrefe % wswww qrfe wr 3Htt< fere i irqr ft wsr % ffe refe aafere 
few 0 X fex 0 2 wret ffe |, ffext fe war fe fewiwre rere: 1 1 wregxw % ffe, wre 3 
(¥R 12- 335, e x =lB% 16° 30', 19°. 18°, fex 0 2 =4O°,4O°, 42°, 46°) 

wrxwt 6 *f smr few fe few wrefe xt wrere xfe rew anfere few ffe ffe 1 1 % 
fewf WgTW fewrefe W fet ffew I (W5T 3, WTX 1T06; 1«°30', 19°30', 18°30', 20° 

30'; fex 0 2 =57°, 64°, 59° 30,' 66°) 

xrrxwt 7 w ffe 2 wmtxt wrefe % ffe afecre few ffe f, fe loo a.d. fe f fe 

WWTW Wife srfet fex refer | 01= 17 c fex 18° % wtw *f, 0 2 = 34° fex 37° % few Jf- 
WWT l) 1 fe fefe g?Tfe WT fe ffe 3FWWW ffelT (WTXWt 8) I fe WfcT ffew Wft |, sfe f^fe 
SWlfe WTfWTfe %■ fe fet sfew ftfe I (WfT 2-01 =15°30' fex 19° % few 0 2 = 41° 
aftx 44° % few w) I 

wrxfe 9 w ^ffer fer fe wrx wsrfe % ffe swfere few ffe wit 1 1 ffe w fef 
fe wfefewww wfeft |, qx felrecrx ffefeft 1 1 0 i aftx 0 2 % wife qf fferrar wz 
sfew fefe 1 1 wxwTf fex f^qmmrf fe wsfe % aqfere few wnfe io Jr ffe fe | fe 
wffe *Wd4i wfeft 1 1 ffe fefew few ffet wferspre wxwwr % qfxwFre 1 1 

wixwt li w ffe fexfew fe wfrsrr % awfew few ffe 1 1 fexfew % www ww 
wrarer 3iqfe wxw fewr qx qfw =prr wr, qx fe if wrffe w fe i wxt£, xrefe fex fwaw 
WWW WTWW % fefT vr x| W I | f% WHW fe 4 <4441 fW WTW % 5% feqfe fe 
sqwj fife fe i fex 0 2 fefe % fe fw fm fe sqw xfer 1 1 wqtfxwcr:, wjt 3 % fttrr 
0 1 =13°3O', 18°00', 14°30', 13°30', 0*=37°,4O% 38°, 32°1 

srwx fe few ^T 3 ff wr fe ffe snrerw ffen (fexwt 12) i Srewx ffer wife fe. 
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'mspar 1%% ircr qrqrq pr3fr qq st^rh 

5jWftnr «TT, f^<T q5T? qjpT qq fqa-JT *r^RT qT^r sff, 3TT?qq | I 5J5T 2 % f^Ttr, 
01=17°, 18° , 17° 30’, 20°30' 3fk 0,= 3O°, 39 , 39 '. 44 ; l 

HTToft 13 *T qqqqq#q 3TT3 5T3Tsfr % *W^ fqxr f | 3PPJ7. srif^f 

aflr 3frtq-%g qRT % STHPT ITST? 5HPW W ^ fqqqWT | i afft #i % %ytHKH4 

TTT'ff *r qf qTq ?w I 1 

qrcqt 14 afN: 15 ^ f*r% st w5T3ff % *ifci* qrpq feilwr spVgrr^wr aftr crerfsiw 
% I, ^ ’Tsr ; tftrftrer |, ^ ^qfrPTJr qft 3fk qqfrp i fq qfqr qsrsfr % 9 1 sffr 0 2 % 
sftqq qTqf qft fqq iq q^Tsfr % Sf^r«af ge[fqq q?t qqqi # I aft -nN^ t 15 # fetT 
*T<T I I 

8l — wf aqfcrq; qitq fcrer qq qsr *r s^traf atq qq ikto imi qq; *wt i 

0 2 = qf qqfciq; q^far fwqT^rq srwq^ qqq qq qrsqqq ot qq; w i 

/r, smKR-q^qTBT gqjq; =VjV' s 

„■ . K*~ 2 

CT > WW 3I l qra= 2(Z 5_ l) 

£, afar qq =2(1 cr)F 

- __ . _ F' s 

/• gfq^quf — ~~: p 

p , *T5T ^T WT 

qq fq*m 

sinS sin0, sinO, 

T t ~W L ~W 8 

0— qsr % ys qr aprtsq qCqf % anqqq qq qqq 
K',=qsr % qrerc: sprt^f qnr %q 
K'c=qsr % qtqq 3pr^q«r-?Rqf qq qq 

O v3 

e =q?r % qfaq sprlsq qqqr % qi<qqq qq qqq 
0 c = 4 ffr % qfaq an^qq-crqrff % qr<wr qq ?w 

o « 

q^ *qre°t t^rt -qif^ q {% sqr q ftqqc aiq^w qrq srrwt qft qrrat, snr: ^qr q=r qq 
siq^f qtqf qq arnraq ftsT 1 1 

o 
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*pr it2t *ft anrt^f at*ff f^rr % |, ?ft ?TRf *[3T ^ fftft f, 

3 fk t %^r sr^f i snr *t ^r-^ ^t ^ gm& % toh ^t 90° % w ftcrr 

snrar I, ^ ^ faff smn |, fsrer it sr^f «*r *t ^ * fNrr imw ^*r ft 
«frai | (finin' th#! ft sncrr |) i 3f f*nrr spot *>iPo+ (0 X ) 1 1 ara ^ tpr ’tst 
aftr tft srnt 'htf! stot m |*rt spiers qfar (tf t ) firin', fan tt *tct t ft+\ siwror 5rOff 
^t inro 5ft spt ft wmr 1 

s^ r faqi ' ^twt % htott tt fr Potot Jf ^rsisff # fwrctT % 5r^?f?T wn srw 

ferr 1 1 *nft ¥5T3ff % src?rewr- fa j -m m ^t p% n^Ri qfr ^t 1 1 %*f?t OTroft 14 *r f%tr ?rq 

^ <s 

iP T fore ? ^tnff % srrsrrr qr qfa ^raf % stoth*ptt g'wf qst ipjott OTT°ft 15 *t sifter ^t 

*pfr 1 1 

HTT'ift 1 



w 


e 


TFT 

?fspjr *tot 


I. 

5RF !WF r 1945 

0i = ll°3O' 

n°30' 

11°30' 

irso' 



0 2 = 32 00 

32 00 

32 30 

32 30 

2. 

qtft, f%%5T, 1936 

# 1 = 18 30 

18 00 

18 30 

18 30 



0,=48 00 

47 30 

48 00 

47 30 

3. 

snst, 1900 

<?i=l9 30 

19 00 

18 30 

18 30 



0*=4O 00 

40 30 

40 00 

40 00 

4. 

ffcrsnrr, 1952 

0i=12 30 

12 30 

12 30 

13 30 



02 = 32 30 

32 30 

32 00 

32 30 

5. 

qf^, 1943 

0i=13 00 

13 00 

13 00 

13 30 



0 S =35 00 

34 30 

34 30 

35 00 

6. 

1953 

0i=17 00 

17 00 

17 00 

17 00 



0j=35 00 

35 30 

35 30 

35 30 

7. 

^ot-otr^OT 

II 

►— • 

03 

8 

18 00 

18 30 

18 00 



0 S =35 30 

35 30 

36 00 

35 30 



TOSnar 5KT JTT^I ^5T3fr Jf>T 3fS?JTrr 
HK«rt 2 
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STT^T 7T f^ftfer (?:mw) (300-200 B. c.) 
arpTcrr^TT; tes stft < rc srrfe % fef-§ror *p-, ^r. k? srr q^ra 



TO 

(s m -) 


iftSTf 

(mm.) 


o 

SfifTW 

3W 

<TE5 

c 

3TPT 

3TP£TT 

(mm.) 

1. 

3‘240 

1 2 x 1 2 

0-29 

6*77 

§ 

#— 1 

11 

CD* 

40=00' 

23°30' 

1 9° 30 






$,=28 00 

60 00 

51 00 

52 00 

2. 

3-260 

15X23 

2-28 

6*64 

$i=9 30 

17 30 

10 30 

14 00 






$i=25 00 

55 00 

19 00 

40 00 

3. 

3-215 

12 < 22 

0-26 

6-89 

$i=20 00 

10 30 

21 30 

II 30 






$i=56 00 

39 00 

57 00 

4! 00 


HTT^ft 3 


*TTt<MrraFTt 33W (550-7U0 A. D.) 


^TC 

(s m -) 

3TTTO 

(mm.) 

jfterf 

(m.m) 

TO 

TO 

*o 

?fsm 


vz 

c 

SfeiJT 

3T¥ 

1. 3-550 

18 

0-36 

6*53 

$i=17°00' 

1 7°00' 

17°30' 

17 8 0O 





$i=41 00 

42 00 

42 00 

43 00 

2- 3-716 

19 

0-38 

6'84 

$i=22 00 

19 30 

22 30 

21 30 





§ 

1! 

qT 

50 00 

43 00 

44 00 


STT«ft 4 


*sr (325-75 B. c) qri*T f^r (sr^-f^nr) 


( 3 ife wz sfk m?:) 


TO 


q&5 

« 



sfsm 

TO* 

$i= 17=30 

17°00 

? 

? 

$i= 41°00 

7 

42°30 # 

44=00' 


(?=^q? 3 FT ^ 3 RTO ?lff, 3 Rf: 3 ^>T H 3 fT 5 R>T) 


216 scirsr^Tsr cptt %° srvft'TT^r f^n^r 

HR# 5 

’TST (25-425 a. D.) 



?TTT 

(gm.) 

STOTT 

(mm.) 

4Uif 

(mm.) 

SRT3* 

NS 

arfoiw 

3T*T 

c 


1. 

14-905 

24 

0’35 

8-61 

0i=16°OO' 

19°00' 

16°00' 

16°00' 






02=36 00 

40 00 

36 00 

40 30 

2. 

13-995 

21 

0*28 

8-22 

0i=l8 30 

19 30 

18 30 

20 30 






0,=31 30 

38 00 

32 30 

37 30 

3. 

12-335 

20 

0*35 

7-79 

0i=18 00 

16 30 

19 00 

18 00 






0*=4O 00 

40 00 

42 00 

46 00 

4. 

15-995 

24 

0*40 

7'95 

0i-16 00 

18 00 

17 30 

16 00 






02=42 00 

45 00 

46 00 

47 00 

5- 

14-897 

23 

0*30 

8-17 

0i = 18 00 

20 00 

19 00 

17 00 






03=42 00 

44 00 

43 00 

46 00 


(*fr5f jjstst i *pr-?n*r 'R siw+ sftr 5^5 stht r f%?ft 4 >t fa-sr) 






HTT# 6 







31# 5?# (1700 A. D.) 





^TR 

STOTT 

rail 



^5 


(gm-) 

(mm.) 

(mm.) 



3W 

sfSRT 

3TR* 

1- 

10-465 

20-5 

0-41 

10-43 

0i=22°3O' 

20°30' 

22°00' 

19°30 ' 






01=55 00 

56 00 

63 00 

53 00 

2- 

10'723 

19-5 

O' 39 

9'89 

01=15 30 

16 30 

15 30 

16 30 






0i=39 00 

42 00 

44 00 

40 30 

3. 

11-06 

10-0 

0-41 

10-52 

d x ~ 18 30 

19 30 

18 30 

20 30 






0a=57 00 

64 00 

59 30 

66 00 



TOSTST fafe SHT *T3T3tf m&H 
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HTOt 7 


m (100 a . d .) 


stran: 

TteTf 




ys 


(§ m -) ( 

mm.) 

(mm.) 



3OT 


STW 

1. 7’612 

16-0 

0-41 

753 

®i=17°00' 

18 3 00 f 

17" 00' 

18=00' 





02=34 00 

32 00 

35 00 

37 00 

2. 6-852 

17 

0‘40 

7*86 

0i=18 00 

20 30 

17 00 

20 30 





0 a =35 00 

38 30 

36 30 

34 00 




HTvsft 8 











’srrc 

srrern: 



w 


(gm.) 1 

(mm.) 

(mm.) 



°TFT 

5TSPr 


1 . 11-190 

22 

0*41 

9*55 

01=15°3O' 

14 c 00' 

17 c 30' 

15°00' 





0 2 = 36 00 

33 00 

38 00 

35 00 

2- 5-154 

20 

0*40 

9'38 

0i=19 00 

17 30 

16 30 

15 30 





02=44 00 

41 00 

41 00 

41 00 




9 







STfpFTT *T5T spt’JSPT 




1 ., 2. 

f^*T 1358-1373, 

3- |*ni3nf> 

1457-1461; 


4. fafa 1463-1482. 







*ftert 



T 5 

(gm.) 

(mm.) 

(mm.) 


sfsnir 



3FT 

1. 15-650 

18 

0*58 

7-97 

6i=l7 c OO' 

I8W 

19°00' 

16*00' 





0 2 =42 00 

37 00 

39 00 

37 30 

2. 16-357 

20 

0*50 

8-46 

0i=16 30 

17 00 

18 30 

16 30 





02=41 00 

36 30 

37 30 

36 00 

3- 16-990 

19 

0’60 

8*37 

0i=i7 00 

18 00 

14 00 

17 00 





02= 38 00 

41 30 

36 00 

36 00 

4. 19-735 

20 

0‘60 

8*35 

II 

Y--* 

cr> 

g 

20 00 

21 00 

16 00 





02=38 00 

40 30 

40 00 

39 00 


AP4 
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10 


(1539-45) ark ^TFRIT^ (1545-53) 
ffo 1 sffcvfo 3 (%t?ITf) ; Tfo 3 ('^WH9T|f) 



*rrc 

(gm.) 

3TT^R 

(mm.) 

(mm.) 

SFTcS* 

w 

2*5 

srf^T 3T*r 

1. 

20-370 

20 

0’6l 

8-41 

0i=16°3O' 

1 7°30' 

17°00' 

16°30' 






0 2 =36 00 

38 30 

38 00 

38 30 

2. 

20-145 

20 

0-70 

851 

#1=18 30 

16 30 

16 00 

17 30 






02=38 30 

37 30 

36 00 

39 30 

3- 

20-490 

21 

0*70 

8-42 

Q& 

M 

II 

1 — * 

o 

o 

16 00 

16 00 

16 00 






0 S =36 30 

38 00 

38 00 

37 00 





WTC’jft 11 







sfkn%*r # 55R ( 1658-1707 

A. D.) 




*TK 

arranx 





2*5 


(gm-) 

(mm.) 

(mm.) 


?f^r 

3T*r 



1. 

20'680 

20 

069 

8‘44 

O 

CO 

o 

k> 

r— 1 

II 

] 8°00' 

19°00' 

17°00' 






02=37 00 

41 00 

41 00 

40 00 

2- 

20-770 

20 

0-66 

8'29 

0i=19 00 

15 00 

20 30 

15 30 






0 S =45 00 

39 00 

44 00 

37 00 

3. 

30-301 

21 

0-62 

846 

0i=13 30 

18 00 

14 30 

13 30 






0*=37 00 

40 00 

38 00 

32 00 

4 . 

20-765 

22 

0-60 

8-40 

0i=17 30 

21 30 

15 30 

14 30- 






02=40 00 

40 00 

36 00 

38 00' 





OTT^ft 12 







srqsn: (1556-1605 A. d.) 





5 ^ *tpt *r «i+«k f%w afk ^3 ?rnr qr kror ept 



?rrc 

STT^TR 


^*R 3 * 


TO 


(gm.) 

(mm.) 

(mm.) 


arf^r 

^FT 


3 W 

i. 

19.070 

17 

0-50 

8'37 

01=2O°OO' 

17°00' 

22°30' 

18°00' 






02=39 00 

39 00 

49 00 

34 00 

2. 

20-005 

22 

0-40 

8*36 

0i = 17 00 

18 00 

17 30 

20 30 






02=30 00 

39 00 

39 00 

44 00 

3 . 

18-730 

18 

0‘50 

8-37 

01=20 00 

17 00 

22 30 

18 00 






02 = 39 00 

39 00 

49 00 

34 00 
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TO’tot fafe gnr 5rr#T irsRff 
3TW 13 

flfafff % wt 5 RT 53m 

(»ft5r *T3rPr, TO TOT <R 5TTTO *PT fcPT; TO ?n*r <R &mm ®PT TOT) 


srRfn: 





3*3 


(gm.) (mm.) 

(mm.) 




?fipr 


^TTTOTt[ (1545-1553) 







11-230 31 

0-39 

10-18 

0i=2O°3O' 

22‘30' 

22°00' 

22°O0 




0j=59 00 

60 00 

54 00 

59 00 

--3PPR: (1556*1605) 







11-287 26 

0-39 

10-33 

0i=19 30 

18 30 

18 00 

21 00 




0 2 =58 00 

57 00 

60 00 

61 00 

27 

0-40 

10-27 

e i=15 30 

15 30 

17 00 

17 00 




®*=45 00 

56 00 

57 GO 

59 30 

^|PftT (1605--IS22). 







11-225 20 

0-30 

10-37 

0*=21 30 

19 30 

21 00 

18 30 




®*=60 GO 

59 00 

54 30 

60 00 

-411^'ff (1627-1658) 
11-230 20 

0-34 

10-36 

®i=25 00 

23 00 

25 00 

24 30 




0 2 =56 00 

51 30 

52 00 

54 30 

10 085 21 

0-32 

10-43 

0i=21 30 

17 30 

17 30 

20 00 




0 S =59 00 

47 00 

45 00 

59 00 

:sfrCT%3 (1658-1707) 







11-325 21 

0-32 

10-43 

®i=20 30 

17 00 

11 30 

17 00 




0 a =6O 00 

54 00 

32 00 

54 00 

11-261 24, 

0"33l 

10-39 

0i=2O 30 

20 00 

19 30 

22 30 




02=57 30 

61 30 

56 30 

64 30 
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*RJrsn>rcr cT«tt %o 

eTT'rft 14 
feftsr itjt? 


(«“-) - 

8TFfiR 
(mm.) . 

*fte rf 

{. mm ._)_. 


-o 

. stem. . _ 

. mw 

TO 

_ c 

-stem 


5-640 

17X 16 

0'32 

6*63 

0i= 1 7°30' 

16°00' 

17°00' 

16°30' 





02=36 00 

35 00 

38 00 

36 00 

mfsm 8*97 

14 X 20 

0-42 

7‘83 

0 i = 15 00 

19 30 

19 00 

16 30 





02=30 00 

40 00 

39 00 

38 00 

14‘690 

25 

0-36 

7-90 

0*= 19 00 

18 00 

21 00 

19 00 





#2 = 39 00 

39 00 

43 00 

38 30 

^r 8'279 

20 

0-39 

8-12 

0i=2O 30 

21 20 

20 00 

19 00 





02=44 00 

42 00 

45 30 

40 00 

5?r 5-675 

29 

0-37 

6'54 

0i= 11 30 

17 00 

20 00 

20 00 





02 = 24 00 

37 00 

41 30 

41 00 


SR"ft 15 

Si^ ^STsfi % SMiewr ■ 


K m m, JTOT; „ (TCwt ^ q „ ); E ^ F (swm ^ 


P 

a i 

mean 

mean 

V'x 

M/sec 

V's 

M/sec 

K 

d 

E 

XlO’i 

F 

x 10 11 - 

^IMI 6'63 

1 6°45' 

36°15' 

5104 

2487 

2-0022 

0-3440 

11-02 

4-101 

5T5T%<*rr 7‘83 

17 3 30' 

36°15' 

4936 

2487 

1-9968 

0-3326 

12-90 

4-842 

7-90 

I9°I5' 

39°52' 

4451 

2293 

1-9454 

0-3205 

10-97 

4-154 

S TRT 8‘12 

20 c 00' 

42=22' 

4298 

2183 

T9688 

0-3261 

10-26 

3-870 

ttff* 6"54 

17’80' 

35’45' 

4936 

2515 

T9825 

0-3293 

I TOO 

4-137 


(anr«it 14 % swr 'RJif-frow fro*-!# j_j 



trosfar f%fg- gro jrr^r wsrtt m ^mn 
« 


221 


1. 5f%qTT®r, tnr° tt^-o Beitraeg zur Chemiscben Kenr.tniss der Mineralkoerper, 
Berlin and Stettin, 1815 

2- ftsIT, f o gfa Die Bronzen und Kupferlegirungen der alten und Seltesten 
Voelker, Erlangen, 1869. 

3. %o fto, Nnmismatiscbe Zeitschrift, 1884, 16, 1-57; 1885, 17, 1-50. 

4. Contributions to our knowledge of the composition of alloys 
and metal-work, for the most part ancient., J. Chem. Soc. 1882, 41, 134- 

145. 

5. fo 3 tHo, Ohio J. Sc. 1950, 50, 107-120; 1955, 55,137, 311; 1956, 56, 
285-289.; Analysis of ancient metals? 5PTFTH shGT, 1964. 

6. sparer sf ft TT^fcT, Chemical Study of Some Indian Archaeological Antiquities, 
STRf 1965- 

7. sparer 3jft f%|[, Coinage in Ancient India, ?rf fe^ft I960. 

8. Coinage of the Gupta Empire and its limitations, TO 

Numis. Soc. of India, 1957: % <TT ^ J. Nnmis. Soc. India, 

1956, 18, 51 ; 3TTO, *TT° %o. Catalogue of the Coins of Guptas, WflTOT, 

1920; ^aff, fto fro, Journ, U. P. H. S., 1957, 5, 43-116 ( 5 'TOTOT 52 T), 

tfto ti?ro, J. Nnmis. Soc. India, 1950, 12, 31 (fBK * 

ftT#); 1952, 14, 118; TO1TO, tro %o, J. Nnmis. Soc. India, 1950, 12, 

112; #0 3TRO, J. Nnmis.. Soc. 1953, 15, 195 ^ 
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9. frr^fr, 3TTO, Memoir Numis Soc. of India, 1945 S’* feTO <- ^ ^ 

ITOTT sfk TITOT f%f, Coinage in Ancient India, 1968, TOTO XI, P- 201-237 

10. sTwror tfWT, ^ Ancient Mints of India, 1970 
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srwfTOR % sn'rT snirprm 

3T?t 3TRo fell 

feaaa rfefea mw 
atfwt fe gfefezt, a fes r a , afeut 

[ Ura-fena?: I, 1979 ] 

tffTfeT 

iregu feu a 1950-70 at aufe Jr garafea ^etsut Jr sr^rn-f^^rn^T % sttrt 
araam aafe % a^ agar ar ^ruTufaa ite feu uut 1 1 

a^TUaRT UUT TUTU 1 % SHUT q^Ua t aTTfeUT % UU U sfe fefew fe | fea% 
951 aaaT | fe urata arca Jr up5 am #fer a uTUTufaa auaa a a*au ^ at# sna ut i 
^fe Pmta am fer aauTfeaTa afer | aa aa a 515 a; amafeia am aacr % auaa a 
feu Jr Ufa fe aa aiaarfr 1 1 srcp- srfea at ar° aamara at utTaar tuiuu % au 
Jr JruTar % aaasr Jr srarffer ferufa % fet feaT aur | awfeaTa % guaitfe afet Jr 
srua araram aafe % agat a fefeaf % amm a 1 1 ?a agfe ar J 950-1970 at aufe Jr 
Waatfaur feufenau (aga> arnu aaatar) % <j§ ife a furf % aaua t at aria ufet 
fefe aramf % uau tpm feuT ur 1 a agfe %aa at a*fe a felm % feu sth fa fera% 
feu uf aaar aiam | t 

fea agaf ar fufeua feuT aur a uru: aarfea uaju auT u?auf % a ffef gar 
aur afeut sraaifeura ^t yrifet aur apat araut %, fea ua arraurfeut aar sfu aafet 
at srutut aifecu ut, gaa feu au 1 u ur^ju aur u^aaa ia aufet srt fufea aauf 
Jr ut at auu utufufuT?rtfaT ! futuTi iaa auu% ut #a at fufef safuga faafe 
a aaat uf^Tf Jr uut fere axfefe at aferfefea fafuur Irara 1 1 ^at Jr sifeafe 
fafeuf arauTfeara a at| gu at | srufa afeat a araur aur fat at 1 iaa % uw 
aaur 4 aar 5 ga at at feuuf utu at | aufa auf ur uaaf aar at fe aaat 1 1 fern 
^a uf fs ff % ferfe at gpr ftfu aut aa ma aafr a faafe at fefe feaa u U5^a aafe 
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STof 3TRo 


qi farmer qq q^r ^ ^rqr ; tor ^rif ?ft qq g*f ^ qft ft i % qqgq nr 

to; qfqrq fte ?srnff qq ter f , % qff qq fate fr, qf arete 1 1 topt | fq> ^qqq faqfor 
sraqrfqqeirq % qrfq |3 tt fr i 

hrt A : =f?r qrter 

qq§ tost i 

fq q?f qq fqfat tot q?f to? % q?q ?r t^tot qqr | i ^ 33 ftet qpfat to 5 
tefr qtfr sft sfk w srgsrqq qqs: qqfqqq «rr 1 ^qqq ^ fro fqro m cr«rr f qqr tot 
sit 1 qrir farmer qqrsff q q^w stttot^ (Cu 2 0 ) ten aft ste if te aror? qjteq 
qqr«f twl teror srr 1 te%q«T % fte # 5 - ft q^qT fro qqr 1 

3*3 TO 3 T 2 

^ TO sryq fter qq % m q qT farTOT to fro ^st gsrr affq fTO g^t^rr an 1 

fr qqqrr | fq? qg fate to qq gq?fr qr arnjqur qq sfq qgr fr 1 fgte TOif 125 fate teq 

tr wt q’lr 8 fate x 5 fate ft 1 to^t toto 10 fater tot «n 1 to 3*3 qq 

qqf ter ft farter teqq qspqr shwto (Cu 2 0) te qqte qg ft 1 TOTqq qqrff qff groq 
ffa fat % qirr ft fapfaqq qg% fafa qq | 

qqf fwr 3 

^ ^ ^tor qfr qrr trq? ftsr qr §TO qr farq qq gqr gqr qfem-qor q-te to 

wn te i ^tot to %qq 0.50 to qT 1 tef tq qrq to? fro to %foq gserr ir 

f%q% qrof farteqqr snqro.ft qq qff fqqrq fq?qr to qfffqr ^?rq q?Y qrot srfq 

fTefr 1 

^5 qfro 4 

ffqq?r srr ffqr qq ft qq % qtrrq’q TOq qft TO¥q erf qfT ft 1 qqq fq>ft fq^rr^q 
qelT qff to 1 %*m sro I7-I8 trot TO TO 2-4 TO TO fq^qqqqqt qfqsqrqq 
% TO 3KTO f^rr^T ^ qf fq^ ^qq?t qfTO qff ^t m TOt l ^%"to teft % TO 5 
TO% fcmm If ftq^t fro qq 1 qrqqt 1 t fell qf- 3 TO| <& ft qqft % TOT after TO % 
^q q 1 1 

^3 5 

^ ^ q^t^r fte qr 1 str^qur ^ feqTfq % srw q%?r ffe- 
^ ft ^ % I ^r% sqq ^5^ 'rzrtf ^ ftgt ^r trqj q^t qqq qft ft ft 1 STOt TOTf 
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25 feqt cT^TT srfERicW 15 f*T*ft «ft l gSTR^ qqfef qqtWqrwrfqRgTqjqRWfrW 
W5 fafeiRT 2 ^ fe^f *fe 1 ^TRoft 1 *T fsfe |% ^TR ^T ^ff % sfeTcT 5TH I I 


cpT B : vj-c-^ ^'Tf WRIT 


WPg ?hm 1 

qf fegV TTW qT 3Fq snfifenqrR q?§ vT cKR 33T-feqqq #5 W l ?=feT SFWf 35 

fe-tft, srfeqqm qfeTf 15 fefe nm wterf wrwr 1 ffeft w i f?r q^wsfe % fewq^f 
qw*ff q?t tjkV , qfr gsqg: q^ra ^mrw (Cu 2 0 ) w, =qfr *ft 1 m <rf qn Mt % mq 5 
qR?r % qre gq>% qit qt stsfejsf *T qrre feqT qqT t qqrfq ifei q^mr wtotis 
'jqfeqcT W few; W* feWT qR qmr TO qff fT WTI 

q*§ gwn 2 

fegt qq£f ^frr+K q*§ qrr nfe w srt qt ^rpff if |st «rr 1 wjq q*g wwra: 
qfrf wfer q^T ftw 1 ^ff qjt qffet qq; Pot q?f nwif 50 few w 1 w qfe w: *#* 
firft qrt qwqt qq qq* fe ark qf iwft f ft ?Rf % fenffe m far m% sfe qfr ^t w i feft 
qrt gro qrfefe qR ^ % faiHW |§ qg% feq WT l 

w§ #n 3 

iif fegt qnr qr sr awfl«iw>i< qsj qn srt qsr-feqqn ^ w i ^*st wwl 40 
feqt, =qt?rf 30 ffeft gw qferf 2 fetft *ff i ^g q?§ % 3?R ^ "fe ^ ai 

wit |f 4t fgg% ift% mvm qqpff qn- trqr rr «rr 1 f *£tm % ftr% ^ % ^rg^rr w 
'few q^T sife ^1% qTfr ^fsiR'q q<i 4 t fe' qR feq*w ferr wit 1 tq-=^ feq qq ^ 
qr^ % 1 fefeff % qjH^Pi "R im *r W5 srrqm^f % ^trt srsrifew 

wqw «ft 1 fe^wq qgwf ir ?r ^r sttwtrst wt fe^R qR qHT qrrqq' irfr fr iqqn' 1 

spt c : 

sRg#sn 1 

«f =qf q; srrg wt ^st crw ^-wss =qqsr 'fen sng w few wwt 52 few, swr qq; 
^fTf 20 fefe nw qfer* qq; 10 fefe ^ffer *tt t f*r wwfr %qR5%f*feqq: ^ ^ *r 

5TfqR few qi3t q^r Ifer nr qfe qf wyf qfe q^r ^rr eft few wt wr nfe q^r ffer 1 
fg- W5 fe qrfeq: fefr wft ^ sfew^qqifq^q^ qfeR'q qww wt q?feT gf =qfr wt 

fenfe nfe qfsnr srrqw^q (Cu 2 0) qwwt qq^ w 1 feft aw wwtrw qqfef % fsfe % 

-wqw^wrwRwqiqrfl^feqrqqqrt qq; wp % 1 


AP 5 
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3ff 3JTC 0 ff 

qg fqqr 2 

qf ffft 3RJRT qqft qq f 5 SIT ft tfSTtfct *TT ffa ft Wff it 

^er qr ffqf ftft tt =qqft fq€r qq qgffst srm gsq i fq gf §f w»rf f qif *:-qgt ft 
qr*qrt 35 Swt ffc fterf ^r^rr^T ^q it 7 faff ft i w ®pt qrc 0.74 qtq qt i qqqf 
qror % «rr? w *wq qq f ffsfq'q f f%t% sgq; fern - w i 

ffafTTf 

faffqq % srm sriff gmt 1,2 cm 3 if Eft q^ 1 1 *nrq ft srg fqff qq qfTqfaa- 
gg f qzq ft ferr 1 1 qrcft if to qff> ft faqfqq % sm qffqq qqq | ffg fqft qff . 
ft 3Tfsrrrra srg ftqfr % qffiifcr qffqct qqq 1 1 'spq’ ftftq? f srptct qt ft fftf qw 
ft qfeqf | cm srfqftffccr g?q | ffqft srg snqqgfr ft fqqprtq srrwt^^r gqq 1 1 qgfq 
§qft qfCTow % ffft fare- faff qq sraq ffqr | sqft Wj$ qfe ft qqft | qftfff fftgt ft 
q% gft qq: ^q qgftt ftir qr^ ftsrroq qqrft =qf ^t qqft | ffg ft ft qf q fe #q | 
qftrff fqft frqr ftfr ft ft fqsfqq % fftft gift fftft 1 1 ft ft ft, qfftqfftcr qffwcqf gr 
qg ftqff ft qreqfftqr sfaqracrtfi % sRqfftq? ffq^ 1 1 

qrrqft 1 ft stmEr | ff qq A qft qg ftm 1 , 2 w 3 ^ rrgg qqr ftK qqft qq 
sgqw qrftq gq-qq qqm % iff srcrrqm qfr 1 1 arqqiqm^q qg ftqqT 1 ft qq ft 
srrftgp qm qqr qg ftw 3 ft fftfq ft gqfaqfft 1 1 qg ftw 4 qqr fftftq ^q f 
qfwr 5 f ftf qq stgqra srqqqnFqq: 1 1 fit stgqtq iffcr qrqf | ff ^iqfr qq 

ffqtar qqq f fsrr ft jqraiftqq? qqnff f qrqan 3i^q 1 1 eng qn=qr 4 q«it 5 f qqg qf^qr 
t , 2 cm 3 ft ^Tiqr f fH qqff ^t sgqrg- qqr ^rft sr#q qrf«rr ffvr 1 1 qf ^qr qtet q?r 
qq^: qf%?t | ff qr^r qr qfrqtr srqqr ftft f qqrrqq f fqfqq qqqq: f an^qtf qq qqqq 
ff q t qqt 1 

qnqft 2 % qq^ | ff qf B % qg qfqqqf f f q ft nw ar^fqqjffqqTq srffq qrqft 
I, fffq ^q % qqf qf^n 3 f fq ft aicfaq qmr 1 1 qqg qreqt 1 ?m 3 f qt^q qsrqr ^qra: 
^g fqrqf q «n qq^r qfr, q^ fqftqa qfr 1 1 qjqqq | ff qr?qq^ f gg; qftq.qrqr f ^rot 
f q 5 ?iqq^q qfnqq qqrff q qqq? fqq qqr ft 1 3^ qq qfqrqf ft fgqqr tg qrftqqt f 
qqqqt qgf $rqr q>qf fqrq ft qr qrft ffqr 1 

qiqft 3 % qqfer gqr | ff qq c f ftfr qtqff % qf qsq fqsr-ffq 1 1 qqg 1 qq 
qfqsq ^qrr | ft sqqfq qfq?r f sm: qiqi srrqr | qfffq qqg 2 f stcqfqap qrtqrr | ft sre wta q 
1 1 ^q qtqf qg qfqfr ir qq ft sgqfqqfe ft ^ srqtqraq qsqi 1 1 



srm crra 4 ^. 


227 


l?r if *$■ fet'W gmcf | f% bttst sR^rferH it fefer wt % nra-#FX 

^T s^41K ftctT SJT l tfer Icf% ^T fetw ITT % 3TTW am #TT?T % 3>T ^lwFq5f> 

srigfafc=r *rff ^nc *pf% spfffe % i^> wt ^ ^r spt 'rafer ^ff <nf *rf m 
qrq r R c T: strict spptc % srcg *N>ff ir 'nt wrat 1 1 *m fr, jts ttt Mkm ^rfr fr P& 
^rif ^ sptf sft aT§ #pt fr % 'T^# !hirc |% % i fefr ft^pf 'R if ^ ^ 
•^sff WT *!RT 3Tt ^T c Bt 3ft *R3T cRT Mrr?r ^n~ff ^T fRT 5TFRR | I 
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FOUND IN AFGHANISTAN 
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Abstract 

The present paper contains analysis of some samples of early copper alloys. 

found at Archaeological sites in Afghanistan during 1950-70. 

The many analyses listed in the tables published by Satya Prakash and 
N. S. Rawat 1 show that much is known about the chemical composition of the cop- 
per alloys used in ancient India. In contrast, very little is known about the compo- 
sition of those used in early times in the region now known as Afghanistan. This 
present paper, written in honor of the achievements of Dr. Satya Prakash in the field 
of archaeological chemistry, contains analyses of some examples of early copper alloys 
found at archaeological sites in that region. Louis Dupree of the American Univer- 
sities Field Staff and Adjunct Professor of Anthropology, Pennsylvania State Univer- 
sities, U. S. A., collected these examples in the course of his explorations and 
excavations in Afghanistan conducted at various times in the period 1950-1970. The 
writer is indebted to Professor Dupree for providing these examples for analysis. 

The more or less corroded objects and fragments of objects that were analyzed 
came from caves and rock shelters in eastern and southern Afghanistan that has been 
temporarily occupied by bands of nomads and other small groups. These objects- 
and fragments had been discarded or lost by individuals of these groups at various 
times. The dates of their discard or loss are approximately known from the depths 
of burial in stratified deposits and from the radiocarbon dates of associated charcoal. 
Most of these dates fall in the iron age period for Afghanistan, that is from the third 
to seventh centuries A. D. The dates for two of the objects designated as Nos. 4 and 
5 of the low-tin bronzes, are a little later, ninth or tenth century A. D. However, the 
dates of manufacture of the original objects, and especially the dates of manufacture 
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of the alloys of which they are composed, must have been earlier than the dates of 
deposition, possibly even centuries earlier for some of them. That these objects or 
alloys were manufactured on the sites where they were found is very improbable. 
Their manufacture outside the present boundaries of Afghanistan is by no means 
unlikely. 

The methods of sampling for analysis are explained in the descriptions of the 
individual objects. Since the analytical procedure that were used have been described 
in full detail elsewhere 2 , they need not be repeated here. On the basis of chemical 
composition as determined by analysis these objects fall into three distinct groups. 

Group A. Low-Tin Bronzes 

No. 1. This object was identified as a projectile point. It was 23 mm. long, 
had a square cross section, and a width of 5 mm. One end was pointed and the 
other end was flat. The exterior corrosion products consisted mainly of cuprous 
oxide (Cu 2 0) which was also present as an intergranular corrosion product in the 
metal core. Analytical samples were prepared from the core. 

No. 2. This incomplete object was in the form of a tapered rod broken off 
at one end and having a conical tip at the other. It may have been part of a weapon 
tip or ornamental spike. Its length was 125 mm. and its dimensions at the broken 
end were 8 mm. by 6 mm. The tip was 10mm. in length. This object was coated 
with a rough green patina under which was a thin layer of cuprous oxide (Cu 2 0). 
The samples for analysis were taken from near the broken end after filing off the 
corrosion products. Only small amounts of intergranular corrosion products were 
visible in the core. 

No. 3. This was a small fragment of crumpled sheet metal coated with 
greenish corrosion products and loess. Its weight was only 0.50 gram. It was cleaned 
by filing and scraping, but some of the strongly adherent corrosion products, mostly 
oxides, were not removed because this would have caused so much loss of metal that 
an analytical sample of sufficient size could not have been obtained. 

No. 4. This was a coin coated with a uniform layer of green corrosion pro- 
ducts. No trace of a design was visible. Its diameter varied from 17 to 18 mm. 
and it weighed 2.4 grams. After electrolytic cleaning, parts of a crude design could 
be seen, but not enough was visible for identification. After further cleaning with 
a file two samples were taken for analysis. The figures shown in Table 1 are averages 
of duplicate determinations. 

No. 5. This appeared to be a segment of a disc. Faint traces of an ornamen- 
tal design were visible. The object was coated with a thin layer of corrosion 
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products and loess. Its length was 25 mm. and its maximum width 15 mm. After 
cleaning off the corrosion products by filing and scraping two samples were taken 
for analysis. The figures shown in Table 1 are averages of duplicate deter- 
minations. 

Group B. High-Tin Bronzes 

No. 1. This was a concavo-convex fragment, probably from a bowl or other 
hemispherical object. It was 35 mm. long, had a maximum width of 15 mm., and 
was about 1 mm. thick. This fragment was coated with a dark brown layer of 
corrosion products, most of which was cuprous oxide (Cu 2 0). After removal of these 
corrosion products by filing and scraping the cleaned fragment was cut in half to 
obtain the analytical samples. Some cuprous oxide was present in these samples as an 
intergranular corrosion product, but it was not found practicable to remove this 
admixed oxide. 

No. 2. This was a fragment, broken into two pieces, from the edge of a flat 
circular object having a thickened rim. The complete object was probably a mirror. 
The length of the two joined pieces measured along the rim was 50 mm. This 
fragment was coated with a thin layer of loess, and was so deeply corroded that no 
metal core remained. After cleaning off the loess, samples for analysis were broken 
off from one of the pieces. 

No. 3. This was a concavo-convex fragment, probably from a bowl or other 
hemispherical object. It measured 40 mm. by 30 mm. and was about 2 mm. thick. 
This fragment was coated with a rough dark brown layer of corrosion products under- 
lain by a layer of green corrosion products. Samples for analysis were cut from the 
fragment, and the exterior corrosion products were removed by filing. These cleaned 
pieces were somewhat brittle. The faces of fractures had reddish nonmetallic appear- 
ance due to the presence of metal oxides in high proportion. Removal of these 
oxides from the analytical sample was not practicable. 

Group C. Brasses 

No. 1. This object was a truncated and slightly flattened hollow cone of sheet 
metal, 52 mm. long, 20 mm. wide across the base, and 10 mm. wide across the top. 
It may have been used as a ferrule at the end of a wooden rod, or if it was originally 
a complete cone, as the tip of a wooden spear. The interior of this object was filled 
with loess, and the metal was coated with a thin layer of greenish corrosion products 
underlain with a thin layer of cuprous oxide (Cu 2 0). After removal of the loess and 
corrosion products, samples for analysis were cut from the cleaned metal, which was 
brittle In some places because of intergranular corrosion. 
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No.2 This was a slightly corroded fragment of v ery thin sheet metal that 
had broken into two pieces. When joined these two pieces constituted one quarter 
of a flattened ring. The joined pieces measured 35 mm. around the outer side and 
had a uniform width of 7 mm. This fragment weighed only 0.74 gram. After clean- 
ing, all of it was used as the analytical sample. 

The Analytical Data 

Listed in Tables 1, 2, and 3 are the results of the analyses and the calculated 
original composition of the alloys. The first line of figures in each pair of rows are 
the percentages found by analysis and the second line shows the percentages calcula- 
ted for the original uncorroded alloys. Those listed under the heading “other” are 
in smaller part the accumulated errors of the analyses and in larger part the sums of 
undetermined elements, principally oxygen present in metal oxides. The calculated 
percentages were found by prorating the percentages for each determined element 
over a range of 100 percent. Although this method of calculation is subject to some 
error because of possible selective migration of corossion products away from objects 
during burial, this error is probably small for this particular group of objects because 
the analytical samples were taken from solid cores. At any rate, these calculated 
percentages are probably nearer to the actual percentages for the composition of the 
original alloys than those found by analysis. 

Comments on the Composition of the Alloys 

From Table 1 it will be seen that the proportions of the major and minor 
components of Nos. 1, 2, and 3 of Group A are not unusual for ancient low-tin 
bronzes, except perhaps for the very low tin content of No. 1 and the absence of 
nickel from No. 3. No. 4 and especially No. 5 contain unusually high proportions 
of lead. Such proportions indicate a late date of manufacture, which is in accor- 
dance with the archaeological evidence. The nature and proportions of the minor 
components in Nos. 4 and 5 are distinctly different from those in Nos. 1, 2, and 3. 
This is a clear indication of the smelting of different kinds of ores^ for obtaining the 
copper, lead, or both used in the manufacture of these two sets of alloys. 

As is shown in Table 2, the tin content of the alloys of Group B varies con- 
siderably, that of No. 3 being unusually high. Whether the sulfur found in Nos. I 

and 3 was present in the original alloys is uncertain. This element may have been 

introduced into the corrosion products of these alloys by percolating ground water 

containing sulfide. Because of the brittleness and hardness of these high-tin alloys 

the objects made from them could have been formed only by casting. 
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Table I 
STT’jft 1 

Analysis of Low-Tin Bronzes 

Tt^rr % fastrepf 


No. 

sfWFF 

Gu 

% 

Sn 

% 

Pb 

% 

Fe 

% 

Ni 

% 

Go 

% 

Zn 

% 

Ag 

% 

Others 

% 

1 

91.59 

2.86 

0.27 

0.05 

0.23 

... 

... 

0.04 

4.96 

la 

96.37 

3.01 

0.29 

0.05 

0.24 

... 

... 

0.04 


2 

90.44 

5.23 

2.56 

0.17 

0.08 

... 

... 

0,08 

1.44 

2a 

91.76 

5.31 

2.60 

0.17 

0.08 

... 


0.08 


3 

82.44 

4.46 

7.15 

0.42 

... 

... 

... 

... 

5.53 

3a 

87.27 

4.72 

7.57 

0.44 

... 

... 

. .. 

... 


4 

76.97 

5.77 

15.05 

0.09 

0.13 

0.06 

0.17 

0.14 

1.62 

4a 

78.24 

5.87 

15.30 

0.09 

0.13 

0.06 

0.17 

0.14 


5 

65.88 

3.33 

26.91 

0.51 

0.11 

0.13 

0.70 

0.21 

2.22 

5a 

67.38 

3.41 

27.52 

0.52 

0.11 

0.13 

0.72 

0.21 



Table 2 
2 


Analyses of High-Tin Bronzes 


No. 

Gu 

% 

Sn 

% 

Pb 

% 

Fe 

% 

Ni 

% 

Zn 

% 

S 

V 

/o 

Others 

3RT 

°/ 

/o 

1 

67.27 

20.25 

3.84 

0.07 

0.06 

1.33 

0.12 

7.06 

la 

72.47 

21.82 

4.14 

0.08 

0.06 

1.43 



2 

56.32 

18.94 

0.01 

0.01 

0.01 

... 

... 

24.71 

2a 

74.82 

25.15 

0.01 

0.01 

0.01 

... 

• •• 


3 

61.78 

25.97 

... 

0.11 

0.13 

0.08 

0.25 

11.68 

3a 

69.95 

29.40 

... 

0.13 

0.15 

0.09 

0.28 
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Table 3 

mvm 3 

Analyses of Brasses 




No. 

sfrFFF 

Cu 

Sn 

Pb 

Fe 

Ni 

Zn 

Ag 

S 

Others 

3F3F 


% 

0 / 

/o 

% 

% 

% 

% 

O/ 

/© 

% 

% 

1 

77.71 

... 

0.14 

0.27 

... 

18.87 

0.18 

0.05 

2.78 

la 

79.93 


0.14 

0.28 

... 

19.41 

0.19 

0.05 


2 

72.38 

... 

15.08 

0.42 

0.17 

11.21 

0.32 

... 

0.42 

2a 

72.69 

... 

15.14 

0.42 

0.17 

11.26 

0.32 

... 



Table 3 shows that the two brasses of Group C have distinctly different compo- 
sitions. No. 1 has the type of composition often found in ancient brass, but No. 2 
is a highly leaded brass, which is very unusual. Also unusual is the absence of tin 
from both these alloys. 

Concluding Remarks 

The analyses reported in this paper show that a wide variety of copper alloys 
were in use in early Afghanistan. However the few analyses cannot be truly repre- 
sentative of the composition of the early copper alloys of this region, for none of the 
objects and fragments were found to be composed of bronze of moderate tin content, 
which is generally the most common ancient type. Moreover, it is not certain that 
any of the alloys were manufactured before the iron age. Analyses of a considerable 
number of objects and fragments that range widely in date are needed before any 
general conclusion can be reached about the composition of the copper alloys used 
in early Afghanistan. 
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airier 

5PT^ if .fa*T ?IWf f^IT *RT I, 1 1 

l. stk 3 1 sn^rr-sra t snp; ^orrer 4^ 

2- CTT5T % HT^T 3JT#pT^ % ^ 31% WPT 

3. snRrfcp-arsr #^rcf ?tot gwwf pptt 

4. ^ 

5. ^9 T ott 3T5r ftf (smhw) srrffa^Pfa ^cr % ¥®r sn^r i 

cim ^ *r«rcr 'Tir^n S 4 wi wpf 6500 i° Mfin+rt itft if fsn , crm 

WPT # f^TI %*rfr ^Nt if wm-f-lfew 5T 4000 fa 50 % 5T^T W ftcfT I 1 
cT«TT Mifm'tg l frP TT ^ f 0 "J° 3T5T % 3% 44Ml M?RT ^tfeTT ®PT SWST^fiWT 

^rmr srn^ if srrift^ ^*n^TO^*5pr5PT*rn ^rritwra 

^rm % snfpr ^t <rar *rs*r fw mr ffw f* 111 1 ^r ^rai 1 1 fira Jr ?rr 
strtt crmf t 56% 3fwfcp f^rr srer | if 23 Jr sra t 

crra-srrafa^ ^f^r^Tir tfit tot | ftRif aiwPffi stferarrT 10 % ^ | i lSl 

iff wz ?rff it tott am STfPT wan ^9 Jr w gan a«m Tferc 

% *r^t srnrr 1 ^rr«r ft tttct Jr ^t s^r nfr 9 i 4 i stot i ^11 ^rraiwt ^ 

^ ^ ^f| 2 T?<ft 5 mrt ^ *„fte Jr, arra crrsHftro swrsn t, ftFTO ^ Iht 
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aisrrfe | ri fSRi, RRrtfJrfa^ ?r ?rsr srre'Rr it, srJRt f%? sr^^ar 
^rdt 1 1 1965 Jr Jr^r*] % ?fr Pptt «tt fi> i^rt ¥ str <rra t tot qrt strive ^ 
ferrar w i *rf sn^fer^ nzzi aff | #<n fa? J: [5j Jr ?rt 1 1 ir? it Jr aBrarar 6 ] Jr ara 
srnrw % are tort Jr arrafrop art TOrfcafa ffror ^Tr 1 1 srt: ?i frorof froFraT to aron 
| f% are % ?r*r arrffJR- r smpreror ^ fcrsTORrct aronr at farJr 5 trtotor srak fw 
to <ir «tt sftr farer% to? 2°r ?i ?Fr i 

srsp frore Jr froRfafror % totor Jr fa5aTO ^t TOroft; 

1 . arer Jr arrafTOF-are % ?rrr Jr afar tortr rer qrara 

2. are % tor arrafrop % aig a4RR Jr ftJt to% Rr*r 

3. anroJre-are totoS aar aa TOaff % affrop ^TO^ff =pt |srt 

4. aare % aaaa to froFRR 

5. jpFTT cRT are amNR anafTOffta TOPff % If Sir TORTO I 
TORTTO TOR TOR RTO 3Tfafaa-are aTOt' to totor 

anafTOtr % aria 

(a) anafrop 5TTf?r aar fafror, ?a aaa aria fTOP srrpr tot Jr froJr it tor r tor 
| fro§ ?air a^i a|T far 3<R>-frr Jr ?a=pt Rf? jtrh ottor at aft? a? tor TOraarorfarf 
sre mxf, frat at i srrtra tot Jr ai trstaat, ataT, w, fa%a, ware aaT are % arc tot 
sttot 1 1 fro? art gaiJrat tort Jr Cu s As (^RtaRT?p) aaT Cu 3 As (atirTO?s) % tot Jr 
^a# aqfcafa afaa *Pt af | to arrsr arrara^ta are % sraa Jr froia tot % aroma 1 1 

(to) stprtt^: arnKtar?!, ?tg- arrafJRr, As 2 O a 
(?) STTTOn??: fJraft%ar, STRjfRRTTfd FeAsS 
(^) arraRRS': Wl^i^c NiAs 2 ; EnfJr?r?d FeAs 2 
(?) sn?%d: 3nf?f?TO?d CiijAsjOgC u(OH) 2 
(?) ?5 t 5Rra%?: TRRT?d Cu 3 AsS 4 
(^) ?RTOrTtR?d: zm^z (Cu, Fe) 12 As 4 S 13 
(^) 3TRW? As 2 S 3 ; feiR As 2 S 2 

aniff^ ^rr fac^aor ?w srrafa?w arsr mi ^Rf»r 

awPr rrrs R faTOR? 4'iJr (4000 f ° 3°) JiR^r it r %f%? rtrrrt , 
jflwtfe fTOTcTI ?? TRRtJFF 5TR % 3rwr? ? 4f RRSft? tR f?t5ft ETT^ ST?R 4?? ? 

ftrorfer ? ^t sir ?r i 
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FTOfFF % fTOFTO TO FTOfFF-Fra TO % -so-hM % TOTOI *f FtF TOFTFFTif f : 

1. FTOfFF STIFF TO t fTOFT | fFFJ TOM fFTO FT if ! W STFTF | fF TO 

^tot fft to f ft ff q^r# gro^M % fm gr$ f i Fgw toff I fF FroftFiF 

ftf to r ffk Frt % M fro% Fra t stiff tofiff fron fm ftft t^t fr i 

2. TOFF I fF <TOT fF FFTttt % ■TTRfrfRT^H- cTSTT TOlFtTO TOFfFF F 
Fftrsff Fl TOFFT I, TOTF FFT TO % SFFT F STTTfTOF STTFfTO am % FFITFF q TO FfFFT 
TO 3#T fFFT FTFT TgT ft I 


3. Fg' Ft FTOF I f% TOFfFFtF 3M % fFF TOFfFF Ft STlffl FT5T FFT FT#fFF 
% TgfFFT Ft TO^tF fFFTFT STFFF FITT FI FTFT TFt ft l Faff TO STFR % Fra-TOF fFF 
TIFT eft SIM fl FTOt fTOF SfTFfFF Ft srfFFFFT FT FT%T TOC FI FFTF TOFT f*FF gRT I 
srratilF FT FFFFtF 616° t° FFT FTFT FT FFFTF 10&3 3 %o | 3R: FF Fi+fPtF FIT FTO 
Ft ITFFTF SIFfFF fFFT FTFFT eft TO STFR STM 5F FT FRT FTF TOF FTF t TOTOFF FT 

sift TOFtfFF 1 1 


SI RfTOF FRFtF TOFfFFtF TOFT FT FTtF 


B TT F fFF % TOTOTO FTOF, FFT folTOR (As 2 S 2 ) FFT 3lrffe TAs 2 S 3 ) fFFTF F FT 

3tf f iItof tf Jr |, Fit Fit f i sntftFtF hitoi^ qfmft fftf f F riFfro fttr % fRiWIf 

MfeFtFF t TOFF K 'TgTFT t FH eftf 4TTOTTO ftgH F fFRtFTF f%F F TOTFFlft 
^TOTTOt if FTF Fit f fTOF FTftF ?fe F FfFF FgcFgF Fgl ft I tFT TOT | fF FfFFF 
qf FTFT FTOpf % 3TTFTTOF SPIFF F TIM, f%FF FTfIfF STT^ftF FFfe F F*T F ^T, 
TTFSm FIFfFF TOT TOT I ^TTFt FTgFFtTOt t SIM 5T5T FTOF F fTOFTOI t 

fltt | (t€ TOTOI l) I 


FF TIF FR eTTEI FFTT F FIFfFF Ft t FTFTO Hp^iW STM gF Ft 

sntfFFtF Fra FT MTOF FTFTO: TO fTOI FH TOT I FfF TOFTTOT ft fF FT eft MPife: 
TOT TORRa: Ft ctra-3Mf%F F ftfTO Ff%FT Ft TTO FTF SPlftct fFFT FT3T TOFT 5PITOI 
fFTOI t toTtoTT^, TOTTtR FT fTOFR TO FrafFFIF FTO FTFfFF TOM 3TO t fTOT 
fTO Fit I fell t TO, FfF TOT MF TO fFTO tlflFF |F fit FTlfF MIRlTO t ETlfTFF 
grat I *c Fg 5FW-TOT gtetT | TOT FHfTO 3fk fTORR TOlfFF TOlF TOT | I TO 
ir Fg TOFFFTF | fe FlgFFTTOt FT FFii t TOTOTTO (FeAs 2 ) STM fFI | Ft 

arofFF FT FtF TgT ItFT I Ffe TOTO t Ffl t FT STOcITO ^FT TOPlfTO ft% TO: 

TO^> SfFtF F TOFF F Ftf F^FTF Fgl TOTTFT FT 5TFFT I 
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5 Tf *ft nmTanT | fe STlffeS ma ?aa TX an ft?t % arkn frn *T nnT maT T|T 
ft ark fe# am Jr akfnrn fen maT np ft fent am-rnnfnar nam a% feg p 
srra-nakr if srrtfer % amnn femn % arm ^fr amranr aft nsat i prif srremf aft % 
matn nmrfeff if an?an mpr mnfnar nr mffnar % swfef an anak ftaT n§T ft 1 

II. armfnartn arffemn % ma 

armn %• mm ntfaar gn | part afar, mnraasnaT, arfeaT ga #57 t fe^x 
nrn ng ftaT | sfk pr rnmn if p anff % afer % nafar ftaT | %fer anfn aftnkf % 
fef nanr agagar ffe i ptiaafeak am artarfe:anTn afe an aaTapa^r ft anfekf 
art an nnr Tfr ftnr %fer fans am ¥t arm nt arfe: amt an fern ft mar 1 1 aft aft 
stnn? if fna% p am if mantmr art anfer mm mat npt at, at stntarnn an fera> aft 
Itat nt ana Cu,o % nm if fean ft mat at fmrir am art anrar an matat ak 1% sit 
aanaT $ star it nga> nff fen m narar aT 1 

mam if pr amn % pn nr amferar anrnrarafat ft mnfnartn manarnn art 
gfar smr fean ana art 1 7% aar mafnar fernr it ara art amar p arfepT if pffertn 
afe flat f 1 aranarn fertm p fen pn aar srta mmaTsff if atm m nq^n f 1 

nf fe antfer fewfe? ffe f am: srrrffeF ctraf n p^t sq feR r ?tt pw 
fir?qn nnt p arfefer q?t fern q?fe if nfrqqr ffe f 1 amRffer % nrn arfnfen qrfe 
arraferer ammp nnraT f fe am if a rfera f am; ?n ma t % ssnqraar % n;q Jr 'mar 
ft mar f 1 nfe am % feffenr snm % ana am anaarp aaar at f at fanara arrafer 
in frfesnar am armnp art am *r arafea an ^aT f 1 

nfe amjfefT am mfe arak aait m na% a ara: pm aata aaa aftarff 
% sfe a aRaar aaatat ip ffe 1 fers mat am art arskar 35-40 fafer aar fen 
anafetr far mat am art arskai 79 f^- ^t f nafe anfftfea am # arskar 132 
faaa aar mat f 1 srrafaar apt arm mm; 7 % aar ama p aa% am ft arfer arfe ?r 
infe arskar 200 faaa a at am arfgar prf m aarat f 1 

ill- anafnaTm am aar fe anfef % aifaar yaanf art prar 

aaPr mafaar-ara arm an arfe atnr ft 4000 f o ank ft = 1 % n fea an aferf 
an ft nffer sman m 1 pn fer arferf art prp n^safef % arran nr anm pran ^tf rnn 
arrrn nr ? am t mffnar ^t nferan fernaT 8% f sft ara pr% m nft apt 1 an arfeit 
n am t an an fafear ara % am 15% % ns an ank % ara m mnar ft mat f 1 atnt 
ft amaff t a-mnmr (mnraam) an namr akn ^ aritnaT aaat f 1 %f%n an afeff n 
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3 ^ nmcftn srrtflfe'tn crrar 

600 °— 200 ° % % mra ^ *n^rK nm nfe cm fe nfe Sr w: s m e mnm fe«m fr 
^TTcft 1 1 imt ntf f^Nct, Sf rnnr n?nr | nmr: a-mnm nn nfe nr ft fern fen nr 
' H4 ’ dl ^ % nrcn ferfnnrn mn fen to nqfent fit 1 1 ?g- 

if+R 3TT ^ r ^ r dr ^ [ ^ ^ 3 ff nr snn ngn fin % m % fen nftn fen nr nnnr | \ 

smrn mfnn jfef St smrffe nfe mr nfen nt «ron nrw 1 1 

ffermftntnnt % mr Sr nn cm am f fnn 

^ fefe frrsr Sf (fern ferfer jnr mmrTfs ?ffT |) «fn nqfen npT | fe nf 
am mwrf? St fenfen mr srrmrTfn «Hidi | fe nffen fin % frmn PtHfecT srnm 
Sr Tfr mm 1 1 'Met: *>fe |fe cm nsrmr 1 1 ^n mn% n sr ra f n n % fen «fe 
ftfe f i 


** 44i4 t fe nn nfeft Sr feffnntn nma Sr ff nn fef sftefrffe fenm n fert fr 
fen mr nfeft nr fenfimnT m mnn nfnr m^mr Sr mmn, nnsranr fen nfen fe 
gnn smf 1 1 mr nfefr % fenn nt nnrn n gnr arrem | fen srrmfe nt mfefecrr % 
mm mnffetn nfeft nr rfe ^mgmn fen nff nm m nnerr i srrefnn fe qnr 
fentCerr % nt nfmff nt fnn nwrn St ffer fen ftnr i 

IV. mg fenf % fefe nn ffean 

nra nt ?mnf mfe m ffefer ft gnr f fern % srffefn n i% Sr nr nn mfffe 
fSmr 1 1 ngn mmr | fn fef nt srrnfnn fefer | nf nra-mmnf Sr srwfe n nr Sf ffr 
ft i Srfer nff nt i% ^ srftm w fit mnt | fft fnnr n^ifnr mfe | fe nnfr n 
siwfen nt mm nsfe % ffe fRdn+.< fen ferr nrn i arffenn snnfen nrfenfr n 
armfer nt mm 1 - 8 % % ftn mfr famr im nmrr | fe mnfc w nfeen ntmfer 
rnn qn mrfe n^ rnmnffe m i 

V. 53m % cm nre artfen sfeffefer fenf % mn mmn 

fen % fn% gn nt ?fet fen | fn nnnw % ffe nfe! n nmn cm am 
srrfenf nt sn^irnn t t ntf rnnmrT nff nt 1 |im an <n refer mfer n mmr mi % 
annfdn fenn fin m; nr nrm amfnm n ntf mr nfe nfr fera ^nr ( mfet 11) 1 nt m 
ftnf Sr srrc ffnn nt nnfefe mr% nfe qmn % nmn fen fe fefefefr nt fefer nfet | 
Srfer fn ftfe % nrann mm nn % fSmfer |n fr¥*i 1 
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Abstract 

In the present communication it is intended to discuss the' following. 

(a) Probable raw materials and the production of arsenic-copper alloys. 

(b) Advantages of alloying arsenic with copper. 

(c) Comparison of mechanical properties of arsenic-copper alloys and tin 

bronzes. . „ . 

(d) Control of the composition of alloys and 

(e) Relationship between Harappan and Copper Hoard arsenical alloys. 

Man’s earliest use of metal (native copper) comes from Tepe Ali Kosh, a site 
near Deh-Luran in Southern Zagros (South-West Iran) and is datable to C. 6500 B C. 
Around 4000 B. C. copper smelting is reported from Tal-i-Iblis in Kirman range 
During 4th millennium B. C. various categories of copper base meterial were 
smelted in Iran and Mesopotamia. During this period arsenical alloying and tin 
alloying were also practised. Arsenical alloying is reported from Tepe Yabya in 4th 
millennium B. C. and discovery of tin alloying was made by pre-Sumerian people 
while in their original home in Iran; Use of arsenical copper is also attested from 
central Europe and Agean early bronze ageW. In Egypt too, upto 5-6% arsenic has 
been reported from some early coppers M.- Many ancient coppers from Caucasus 
region of remote antiquity have regular copper-arsenic alloying in which the per- 
centage of arsenic goes upto 10%rn. At Tepe Yahya in Iran only copper-arsenic 
alloying was m need . 
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It is not clear whether copper metallurgy developed in India independently or 
it diffused from west. Further, metallurgy in India does not have a uniform pattern. 
Both technologically and typological ly the copper base material from Early copper- 
bronze cultures*: Harappan, Chalcolithic and Copper Hoards show incongruent 
picture. This points towards independent growth or different sources of inspiration. 
In 1965, the author pointed out that in Harappan copper, arsenic was alloyed deli- 
beratelyW and it was not a case of accidental inclusion as supposed by Rayi 5 !. 
Recently, Agrawal has reported the presence of arsenic in copper specimens from 
Copper Hoards t 6 h Therefore, it can be concluded that arsenical alloying of copper 
was a global phenomenon, having certain advantages and would have been practised 
deliberately. 

In the present communication it is intended to discuss the following— 

I. Probable raw materials and the production of arsenic-copper alloys, 

II. Advantages of alloying arsenic with copper, 

III. Comparison of mechanical properties of arsenic-copper alloys and 
the bronzes, 

IV. Control of the composition of the alloys, and 

V. Relation between Harappan and Copper Hoard arsenical alloys. 

I. Probable raw materials and the production of arsenic-copper alloys 

Sources of arsenic: — Arsenic occurs both in native and combined forms. 

(a) Native arsenic: At present native arsenic is of rare occurrence but no 
wonder it occurred in sizeable amounts in antiquity and was consumed by 
early smelters. In native form it occurs in assoctiation with antimony, lead, 
silver, nickel, cobalt and copper. Its occurrence as Cu 5 As (Algodonite) and 
Cu 3 As (Domeykite) has been reported from Tulamessi mines in Iran and 
may be of special interest for early arsenical coppers. 

(b) Oxide: Arsenolite, white arsenic, As 2 O s 

(c) Sulphides: Orpiment, As 2 S 3 

Realgar, As 2 S 2 

(d) Sulpharsenides: Mispickel, arsenopyrite, FeAsS. 

♦These cultures are datable between third and second millennium B. C. 
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(e) Arsenides: Chloanthite, NiAs 2 
Lollingite, FeAs 2 

(/) Arsenates: Olivenite, Cu 3 As 2 0 8 Cu(0H) 2 

(g) Salpharsenates: Enargite, Cu 3 A$S 4 

(ti) Sulpliarsenite: Tennantite, (Cu, Fe) 12 As 4 S 13 

Extraction of arsenic and preparation of arsenical copper 

Though copper was extracted at an early date (4000 B. C.), the isolation of 
arsenic as a metal was not possible that early, since ancients did not have the 
apparatus, technical skill and chemical knowledge required to produce this very 
volatile and toxic metal. 

There are three possibilities regarding the extraction of arsenic and production, 
of arsenic-copper alloys : — 

(i) Though rare arsenic is found in native condition. This is also attested from the 
finding of two small objects- a ring and a needle of pure arsenic from Kumbulte C 7 3. It 
is quite possible that native arsenic was added to molten copper to prepare arsenicaL 
alloy. 

(ii) Further, minerals like algodonire and domeykite having been reported from,, 
Tulamessi, it is not improbable that these minerals might have been used for the 
production of early arsenical coppers in Iran and adjoining areas. 

(iii) It is also possible that the arsenic for arsenical coppers was obtained by smelting , 
of combined minerals of copper and arsenic e.g. enargite or tennantite or by adding, 
orpiment or realgar to copper minerals. Though this would produce copper-arsenic 
alloy yet it would be very difiicult to maintain the percentage of arsenic to a desired 
schedule. The reason being that arsenic has a boiling temperature of 616°C while the 
melting point of copper is 1083°C. So when copper and arsenic are smelted together 
the resulting melt would have a high vapour pressure over arsenic solution in copper 
and hence much of the arsenic would be lost in the process. 

Source of Early Indian arsenical copper 

It is very difficult to trace the source of Early Indian arsenical copper. The 
sulphide ores of arsenic like realgar (As 2 S 2 ) and orpiment (As 2 S 3 ) occur in Chitral, 
now in Pakistan. The occurrence of arsenical pyrites is reported from Sampthar hill 
in Kalimpong subdivision, Darjeeling district. West Bengal and that of iron arsenides 
i.e. loiliogite and leucopyrite in mica bearing pegmatites of Hazaribagh disrict of 
Bihar which at present are not of much economic importance. 
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The presence of arsenic was at first in all probability merely the result of 
.accidental smelting of certain copper ores in which arsenic was present as a natural 
impurity. This is attested from the analysis of copper ore found at Mohenjodaro 
(Table 1). 


Table 1 
mvm 1 

Analysis of Copper-ore from Mohenjodaro* 


Copper % 

Sulphur % 
^ % 

Arsenic % 
srofop % 

Nickel % 

% 

Lead % 
tftm % 

Insoluble matter % 
crew y 0 

76.15 

M2 

0.37 

0.23 

tr 

4.8 


* based on Mackey, E., Further Excavations at Mohenjodaro , 1938, p, 480. 


But once the beneficial effects of the presence of arsenic in copper alloys was 
realized by the ancients, arsenical copper was produced deliberately. It is very likely 
that either the combined copper-arsenic minerals like enargite and tennantite were 
•smelted or noncupriferous arseaic ores like Iollingite, orpiment or realgar were added 
to the smelting mixture and the ores must have been handpicked. The difference in 
-colour, lustre and feel etc. must have been helpful in this direction as the ores 
enargite and tennantite are blackish-grey with metallic lustre and orpiment and realgar 
are strongly coloured. In this context it is pertinent to mention that Iollingite (FeAs a ) 
has been reported from the excavations at Mohenjodaro and could have not been 
the source of arsenic. As tennantite and enargite have not been reported from 
anywhere in India, it is difficult to hazard a guess regarding their having 
been used. 

It is also probable that native arsenic was conspicuous being silvery white in 
•colour and was picked up and added deliberately to the molten copper to produce 
copper-arsenic alloys but uneven percentage of arsenic found in these alloys restricts 
this possibility. No wondet there was trade in native arsenic or arsenical ore in 
antiquity between ancient cultures. 

II. Advantages of arsenical alloying 

Important mechanical properties of metals are their strength, malleability, 
hardness and brittleness. Copper melted and poured from a crucible is soft and 
in this condition it would be useful for making vessels etc. but would be of little use 
for cutting tools. The fact that copper could be hardened to a great extent by 
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hammering (work-hardening) must have been realized by early craftsmen who 
observed this effect and its cause time and again. But pure copper soon becomes: 
brittle on moderate workhardening. Further, early melted copper had considerable 
amount of oxygen dissolved in copper and this oxygen was not released on solidifica- 
tion but separated out as Cu 2 0, forming eutectic with copper on grain boundaries 
and this grain boundary eutectic reduced the ductility of copper and thus seriously 
handicapped the cold workability. 

The loss in ductility was soon overcome by the ingenuity of early smelters who 
discovered the use of arsenical alloying. Addition of arsenic up to 7% gives copper 
remarkable ductility and increasing hardness. The alloys thus obtained could be^ 
worked hot and cold without cracking. Secondly, arsenic is also a deoxidizing, 
agent and its addition or natural presence in early copper which always contained 
appreciable quantities of dissolved oxygen was helpful in the removal of this oxygen. 
Arsenic reacts with oxygen forming arsenious oxide which is insoluble in copper and* 
separates from the liquid metal as sublimate. Even if any copper oxide is formed 
during solidification of copper, the arsenic present reduces the injurious copper oxide 
to copper. 

Since arsenic-copper alloys could be workhardened to a greater extent, it would 
have been very much useful for forging the cutting tools. It may be mentioned that 
pure cast copper has a hardness of 35-40 Brinell and even low arsenical cast copper 
has a hardness of 79 Brinell whereas arsenical-copper when workhardened has a 
hardness of 132 Brinell. Progressive increase in arsenic upto 7% coupled with work- 
hardening raises the hardness to 200 Brinell and above. 

III. Comparison of Mechanical properties of arsenical copper and tin bronzes 

Though both arsenic-copper and tin bronzes were made in 4th millennium B. C.. 
yet tin bronzes became more popular. Was it on account of certain inherent super- 
iorities of tin bronzes or there were other reasons? Maximum solid solubility off 
arsenicln copper is 8% and this does not change with temperature. In case of tin 
bronzes solubility of tin in copper falls with temperature from 15% to a low figure 
at room temperature. In both the cases a-phase (malleable) can be workhardened. 
and hardness increases with alloying content. However, in case of tin bronzes repeated 
hot working and cooling in the range of 600°C-200°C (depending upon the tin 
content) brittle 8 or € phases separate out.f This seriously handicaps its workability, 

fHowever, when cast tin bronze with a-phase only, is rapidly cooled from high 
temperature in a mould, it does not normally separate 8 and e phases but a-solid 
solution is retained in a metastable condition at room temperature. Since a-phase 
has appreciable ductility it can be cold worked . Bronze with 5% tin and work- 
hardened can achieve a hardness of 176-186 Brinell and that with a 10% tin can bo. 
hardened to 228 Brinell. 
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so it is only the a-phase tin bronze which can be workhardened. In contrast 
arsenical alloy is more useful because of of the stability of its a-phase. Thus forged 
article of arsenical copper can be workhardened without much risk of their 
becoming brittle. Arsenical bronzes are thus better than tin bronzes in mechanical 
properties. 

Tin and Arsenic as deoxidizing agents 

When tin is present in molten copper (containing soluble copper oxide) it reacts 
with copper oxide and tin oxide is formed, the latter being insoluble remains suspen- 
ded in the melt. Hence, such bronzes are mechanically weak and porous and in this 
respect arsenic alloys are superior. 

There may not be any technical superiority of tin bronzes ever arsenical alloys. 
But the main reasons for the popularity of tin bronzes were easy smelting, slightly 
lower melting points aud easy castability. It is also easy to maintain regular com- 
positions of tin bronzes. In case of arsenic bronzes it is difficult to stick to the 
desired composition on account of the difficulties associated with high volatility of 
arsenic. Further, extreme toxicity of arsenic must have discouraged the perpetuation 
of arsenical bronzes. 

IV. Control of the composition of alloys 

Thousands of copper objects have been analysed and good majority of them 
contain less than 1% arsenic. It is quite likely that in these cases the arsenic was 
present in the copper-ores as an impurity. But whenever the percentage of arsenic 
rises above 1% or so it is most likely that deliberate efforts were made to Increase 
the arsenic content of the alloy. In most of the arsenic alloys the percentage of 
arsenic is found varying between 1 to 8 showing the inability of the ancients to stick 
to the desired composition on account of the reasons mentioned earlier. 

V. Relation between Harappan and Copper Hoard arsenical alloys 

The author had even earlier pointed out that there was no resemblence in the 
technology of Harappan. and Copper Hoards because of their different patterns of 
alloying. Despite the fact that both Harappan and Copper Hoard objects show 
arsenic alloying, the Copper Hoards do not show any tin bronzes (cf. Table II). 
However, the presence of arsenic in both does point out some common source of 
raw materials as well as technological knowledge of arsenic alloying but both the 
metallurgies look to have developed independently as shown by different tool types, 
casting techniques and alloying patterns 
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3TFT 3TRo f f%% 

<CT«T 3TTS jTRn® fferfWET nffef, 

[5TTB — ^Rqf[ 1, 1980] 

HRm 

«sst nwt % tfer^n nsrer snwr % nt%i % nw % fesm % xgm 
frar 1 1% nfe-fwr arafen % wwzn % for* nf fefe y^fef «ff 
sfk wgfer ssrafR frar nr i nfen ^ff % arTTRTfsnr ^ % 
wra nr 39fefd % nf fe?RT | fn wpCr Tnanrfr n wiffeE 
gvfiis*«T % nwnin nt fen nfe % fei w pw % nsrfer fen 
ffer i t^Rf-few fernn, #fer fnnsfn wnw, 

nm T^refenr sir fefem % sttet 3rfni 

arnrarn nrgfstnr sfteflPi+'t n<: nro sr^m nfer 1 1 


l. srearanr 

fe?ft (Niello) nt apqfe %fcr 513? 9Tffei9 (Niegellum) t ft | f?TO 3R | 
sron (i^jt) i nt%t nta ?mr <rern | -sft qn jit arfwn wT^-niWsRf % fRf 

ffe I aftr 9Tam (flux) % ww %9fer T^rr I STOTT WR-nTOn: 9T (burnish) 

felT 5TRIT I 1 1999 few T|fer W fff T fe f° 50 % TaR, =T% 99T sptTO nt qx 

nfenVf tt^ nmrat fen an^fef nt ffR nmn % fes fern mm 1 1 mart nrfem 
«TfTf (inlay) % f9 WR if fen | fe fe=ft nt TOf nfe mfe ^919 XT ffec fen TOT |- 

fnti % nfr nfr mm 1 

1953 9 fefer Tffenr % nfen ngfe % tT^-fecn fermt few nr mmftn m% 
f% nt%t % apro ngm nr fefero fenr 1 mtfi% mrrm fe mm n^n fen 9* 1000 f° % 

91 % nt fefe 9 ft 9 % %nmf % WTOfep WFETfS, tfenTfn (Ag a S) % 99 % 1 Wt$ST< 
AP 8 
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TOUtm 23 g srftr^ g^ag gfgfgm to mfrg ^mr §g figg ggf % mg q?f ?totto gsgsff % 
gfifT to fTOmror mc% gm gfrmr % fmrorf to sfis q?t | i 

1978 g mm % ttcjt qrp mr fm^rror gijrg qrotrorg ftrfsrca] ^ gm fmfir mr 
mg pg far to% gara g arm to mm arm mjm §# «fr i qf mjm maria sfrgg m^ft 
am fora gro, mfirqmr % gnf a mm tsar 5if)r % tmmmr mra rngga ?r firm gar i 
TO fmfirmq % mm? qfirog srrg fw % arm ark gr fafpr mamr fifi - ga i to mr 
maria sfrw mgaa at 12 aggro g g 14 asp am to tsfifaq? fafaro g gam fafiraa 
from am i 

2 - 

mgfiTm a srmmTm % firtr M to gqarg tTfmrr giro* *r [1] roraa 2300 i ® 50 g 
frm ap 1 1 arp g toto gqafir sfri-sfre 5# m sfrm toto gTar sra gq> ffir tott 1 to mr 
to mm gag amcm gar fig ^ga | firg tt ata! |, to to 1800 f° 50 qfi fgfa | 
ajk af arfiar % fernm 5 r tot gar [6 i \ mm m roriar am % fm* m ar^rmq srfirfaar 
sr^mr f i 1 to% w (amt) a ma roaiTOTfra mi pa to afir to qm mr m firg to 
mm faro am t^r srmrm mi a^ a?5 ark a aaif gf flat firgm smarfiro toto to ma 
a fir«mg Ir m [s3 1 

TifTf maa <jg % aim firm m ggg agroa a* 3 pr ata % *jga grata mg % 
grrogt m%m % tmr f%m 1 1876 Jr mRng g m^m fmf tt mra? gtffrjm m |5 
mg # fmm g mft mm srfemir fp] 1 q- mp frqmr 1550-1500 fo jo qfr | fmf 
m mg m fmrnmr srfmsr % mm tmc fern mTT [8] 1 wr moTmf; aro 
apt qffr % ?m firm ^ f^m qm gm m mfir arim wim q|t m mfi-mfr 
Tmr qfr to mrr m i fro mg; mmr % tot: a?t mfhr sn^sfr (^g, -mra, mm, mmr, 
^ 44 -h ) g mcm-fifi amagm: (cutout) ^mfqg to mci 1 fro q^mrnmt 
feniH % mr| qTfirsr to ?t mrrt m, qgr (qrffi) to mmfifm fTOrr mm «rr fma% 
mim m% mg to% qf mm sft' f gg tot to firfim sttot: % TOmrof tt gTOrnfr to 
m mi m 1 fro to mmm to gfift g to fern mm sftr: gm?r Tfmr mrf m mfiig to% 
to mtqp =rom mm mrig mqm f%m mm 1 

rni^firmr mmm % mm fromr ( 1550-1300 f ° 50) mm t ^TmmTOfir mr % 
ffra snTO'-mg % mf t: gffr fr q?g gfift arm mgg frorm 1 1 ifig gmg fim | fi? % 

firormr mg to tot g gfidror % gfro am qjtf finffsTgi gfiff mm g|f qTm 193 1 to 

TOm g gfir g m g?^g froft f to to g^m gi^firro snrrg 1 1 gr^sre g trgrog l 

toto ^ mg i^p tott c grm TO mrgg 1400 to | gft # q^t am gfiff %■ 
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fq?BT |3IT | ffatt+i 311+K eft btibb % aqpq | far^r bb cn; °ft ^prfkrct sft qf ^ 

qf fqfeBB BB ?t ■Hl^tiPi*)«i ^t l0 l I B*Bq?T: Bf tftB if BT^BB % qrsrPT % fqir tBK fqq?T 
bbt bt i ?q bt§ # Bt*ft qq bbiTtb br q?t <reft qq few % fara ‘ a m pr -E’ % ^q it |bt 
srairar ftBT| i 

%bb bbti#! qq #?qR, f#BB ‘ffqfqrBB qrqfr’ t^r | t 18591° b # 
STB BBT BtBt %BB trq? ft BBRfB #51 q?t qJB B, BT BfRTBT sqfRR (1587-1562 BT 1557) 
q?r |, STB §q L11] i tB# qq tkt-fTq? |q bhbr bst?bb % gmjBBf % qi% qgqr btcb bt i 
fqqq Bkft 5 ?? | aik q^tqqft bibr qq; qfer 1 1 q?mqt sqfitq b Trqqqq q bib 
qq?B q?t bw 1 7T#t % jb sTBifeq bbb qq qtcrcwBt #t Brat % Rkr ?bw qqarar:- 
TBTftB qqc% tBiB q?t qf 1 1 fw % arar Brat Bt ?qt qqq % | fqra[ q i ^q fqq q Bktt % 
Fah h+it b °BBfB ft 1 b*bb 5 fq? wm bbt BtiRfBBT btbi <mhii % Bf qtBfir fqqisnqf 
% qrar ft 1 

BTiqfqqq trarar %BTBft 11001°?;°, *t<MB°kif qf#Fq qq bt br ft bbt 1 
qtq 3 ‘3pb^k gq’ % aranra (1000-700 i° 5°) q>tt Brat tqR Bff fan i Bstfr Btqt qq 
5 nq bt frag bw qtqqrrfqBT # fqrat fr iqqq B7 b'tb tbb rast q?t ara^er qrar % fq% 
f^BT [121 i qT gfqqq anq> bbb’ bbbb 200 f° f ° b Htrar qq bbbtb frat bbb # — 7 BB qq 
7B B §aq |t 13 J i 

^q% f#TOq ffq % TBqqqrf b w fBffa qq qqqq ww fetT i frq qtqi q^rr 
% qqq J^TB # 5TBB 5 T#t % ff^qftq BTqqqq B BTq qqqf B BT qqqjT 

| )[i« ftBB 5 B 3fqf# b qiqr qrqr sjht | fq^q ?qqq qqqtq |#b, fqkft bbt b 

gsq sft ffqfqfeq? m<^<i % st^qq 17 1 1 

#Ptb ^nqdH Bi?qq?qiWt : 4 B?pf % BimB f%5r |# q^kf qftsq irfiraq 
7%kq #qfTB BTWRqqq ({#b i bbt 2 ) sro #t qf i ?q ff% # qq? %qqq-7 qqfq^B 
5000 A. qqqr qkr feqriqq Q,q'Ri^ 7 < qfqr | #t qfsqr sbbtt % b'bhb % fqqq b m- 
B I B TcBq? ^BBT #B B BB# | (?# BT7BT IV B VIII Bq?) 1213 I 

T^g qr (jq^ ^ BB fqqiWB ; BlBt % ?tq> B^IB qq fq^B^B 5B f#fe B f*5=H B5TBB 

# 3 kqfr b bt° bibb bibb im fqqrr bbt i ibb bNt #t qfr-qfr bricbb =pbt fqq bbt 

{## BTTBt 3) [22] I 


a nfafr -q ^g t «af<q<g q BisqrRqjtqt : q?f b?bt qq bstb ^b fq-fq B f#BT bbt i 
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Table II 
SRoft II 


2 3 4 5 


Sample 

XRD 

Emission 

SFIC 

SEM with 

X-Ray 

Neutron Object 

Activation 

Do 1 

1. Acanthi te 

2. Jalpaite 

srraqs 

99% Ag 

1% Cu 
0 - 6 mg 


Suspension 

Device 

63.36.31 

Do 2 

1. Jalpaite 

90% Ag 

1. Major-Ag, s 

Suspension 


W 

10% Cu 

Minor-Cl 

Device 


2. Acanthite 

0-4 mg 

2. Major-Ag, S 
Minor-Cl, Cu 

63.36.31 

Do 3 

L Jalpaite 
sflRTTC 

90% Ag 
10% Cu 
0-8 mg 


Rim Fragment 
from Lamp 
65.1.19 

Do 4 

1. Jalpaite 

2. Acanthite 

90% Ag 

10% Cu 
0 - 85 mg 


Rim Fragment 

from Lamp 
65.1.19 

Do 5 

1. Acanthite 

99% Ag 
tr. Cu 

1.0 mg 


Vessel 

63.36.16 

Do 6 

1. Silver 

99% Ag 
tr. Cu 
0.5 mg 


Vessel 

63.36.15 

Do 7 

1. Acanthite 90-99% Ag 

1. Major- Ag, S 

Vessel 


2. Jalpaite 1-10% Cu 

2.2 mg 

Minor-Cl 

2. Major-Ag, S 
Minor-Cl, Cu 

63.36.15 
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1 

2 

3 

4 

5 6 

Do 8 

1. Acanthite 

90% Ag 

1. MaJor-Ag, S 

Polycandelon 




Minor-Cl, Cu 

6336.7 


2. Jalpaite 

10% Cu 

2. Major-Ag, s 



rate 

0.95 mg 

Minor-Cl, Cu 


Do 9 

1. Acanthite 

99% Ag 


Amphora 



1% Cu 


Fragment 



l.l mg 


65.1.4 

Do 10 

L Silver 

99% Ag 


Vessel 



tr. Cu 


Fragment 



0.4 mg 


653.5 

Do 11 

1. Silver 

99% Ag 


Openwork 


2. Acanthite 

1% Cu 


Lamp 



1.05 mg 


653.6 

Do 12 

1. Jalpaite 

90% Ag 


Openwork 


2. Acanthite 

10% Cu 


Lamp 



— 


633 635 

Do 13 

I, Acanthite 

— 


86. 4% Ag Openwork 


TT$STT^: 

2. Jalpaise 



1 3. 4% Cu Lamp 
. 2% An 63.36.25 

Do 14 

1. Acanthite 

; — 

1. Major-Ag, S 

Openwork 




Minor -Cl, Cu 

Lamp 


2. Jalpaite 


2. Major-Ag, S 

6336.25 




Minor-Cl 
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Table III 
?rrc»jft HI 


Neutron Activation Analysis Dumbarten Oaks 63.36.25 
sftsfvf, tnf€l%SPT 


Sample 

%Ag 

%Cu 

%Au 

Silver from vessel 
c. 2 mg. 

96.7 

2.66 

0.555 





Solder 

91.0 

8.41 

0.560 





Niello 

86.4 

13.4 

0.228 


Pc 

s : 


'.to 



x-ray energy, KeV 

Table IV. Spectra of Acanthite phase (A) in Figure 2 
?TTW IV. 2 *r T^TTIS STT^n (A) W 







o 


2 


4 


6 


8 


J 


4 


x-ray energy, Key 

Table V. Spectra af Jalpaite phase (C) in Figure 2 
mv$t V. W SfKFU (c) 2 if 

s 


10 



x-ray energy, KeV 


Table VI. Spectra of dark inclusion (D) in Figure 2 
giTuff VI. fesr 2 Sf wpf (D) t44di 


AP 9 


O 2 4 6 8 10 

-x-ray energy, KeV 

Table VII. Spectra of white metal inclusion (E) in Figure 2 
vii. fer 2 5%cr srrg tEn%r (E) ^rr 

As 

S 

B 


* *.Ag 



*-roy energy, KeV 

Table VIII. Spectra of inclusion (F) in Figure 2 

viii. ftre 2 f s-wra - (f) 
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*TOTff 2 ^ tWRTfR ROTT % 14 RipT % R^qufi cfR 4Ki=l fOTT OTT | 1 fR^ if 
9 r^rt 1 1% % 3rfe> sra ott ^[ Ripf irio%*TT ^tT% ift? rot ott wrt T*RT 
ftp'll fa*tdR AinT % dTy rrr> rtotr wtrot (Ag^-jCu^^S) % «r if rotM r! 1 

W-f^ OTT OTTWR wtdpRi % RTR 3OTf ^sr rtR % ROT R-fiOTS Rf|- 

ROTOT xdtsiid ROTf ^ 1 

w.f tt^i r^rt if st rtrott rwtrt if q%OTTft (Ag 2 s) % rphtot wots Rf rtr 

§3TT (^T fOT 1 ) I % OTT RI=H*iW STiOTR % ROTR RRf [23 5 1 fR OTT ROTOTT3ff RR f%3%OT 

R^ rijr! R?r %r>r irw! feqrfe TTR^fOT gnr fipp ott i rrot wf otot rth 
1% % RiRkR+R: wrate rrt tr%OTTff % rrr % (l€ rtott IV rrt vi) i i^str iTRsfOTR 
fOTTOT% ROT Rrf OTTO ROTT RfOTT Rf (OT RTOTf III) I fR RprePW if RRIT RRRT fftw 
*ff sMrt r^% if rot! R?t OTfOTfo i rot % Ef% ?ott snrj if rot: rrtr rott if otr rott 

OTT RtRt % Rfif if RRRR ROT 1 fir OTR % RROT rrt ScOT RfR R ROT # ROTT if 
3kd< % 4>K u l Ri| HPT RRT dfqd fFTT fR> RfRT % «t*iM if M-jTb <«id 2kf> rOTf ROT ddid 

% fOT otrr otr rpr Rt Rfr Rf i 

fRR 2 ?r 3FRJ ^#OT ^ RIRR ( (inclusions)fejR | I | 5 % RfOTT RR fOTrOTR 

otM fmfRR tpr-t tiirirdfeir Mir % fen ott sfp rott ott f% r sottrr: otr % | 

(l€ VI-VIll) 1 RiT% sMt ifcRRT m I I vSTR, RiST? OTT dTST % srfefed 

^ cptt Psr? %t ?fr irir ittwr tt? irf M rspt R^fezff % rot ii irM | rfi 
iB-Rfifr t efotpt qprr irar (m rrrr€r IV, V, VI) M pfir if r% % %vm 
P^lRor ^crM % IPOTT |f TOT I I 

3PR? Ifipf P ?rra Rff RirfH ITTRT RTH fi% % RHOT gfM OTT | f% 9^dlfd OT=ROT 
iff^rf % IRPT M| fff ^TOT RTT ROT r| if fROT RTOOT X gf^OT fF 1 ROT OT iffsRPT 
RjffWRTT P fROT ROTf ^ fMr §TRT | ft? WTRTO if fOT st^OT if TOOTTEr OT WT% 
| Rfe % OTf spRRT t OTT P ff OT R? RTg OTrfd % OT OTOT if ?Pl1%f ft OT | I 
W RTOT RWf ^T IE5ROT # STTOTTOTT Rff Rf WOT fwOT ^TOT ^Wt ?T OTT OTRT pOTcTT 
% W OTOT1 RTT ETTOT | I 

f?T 3TEOTT % M ^OT RTF fOT | d?r% WTHTT OT 1 953 if OT SOT Mr OT pOTOT 
if BTOTR |t r f ^f t OT fPrr wiiiM 543 i Ripf % rtMrt ototot % ot rwctt | ftr tweifR 
fTORRT ITWiftR rff^rf % RRfR ^TRTTOTOTf tT qffTWcT RT ! MOT ?OTT % STP M MfOT 
ROT % Rf% % itfdFOTT 3{SROT RTT eHIROTOT OTf ft t ^ ^3 ^ ^ 9,Kn '' 1 

OTT OTTOTT RfwfOTf R?t fwMff % ^ROTR RR SfR-^RT OT OT R% 1 
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RTd RTTo dfdd 


qft?ft-tddd fttftf % ftdRrfftftf ft Rf rrt RfR ftt i l£d ffftR ^Pirr ft fttft ft 

SRT dft ^fr^ft ftt 3FTR RT^R I I 1953 ft RTd % ^RT dRT fTdR#’®' dftf RT fcR^T RTft 
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ABSTRACT 

Analysis of niello samples taken from a 6th century Byzantine silver hoard 
indicates that several methods of manufacture and application may have been used 
by the ancient silver-smith. The unexpected presence of copper in some samples 
suggest that the silversmith may have modified their formulation to lower the melting 
point of the black, decorative sulphide. The data from analyses using X-Ray diffrac- 
tion, scanning electron microscopy, emission spectrography and X-Ray energy dis- 
persive analysis shed new light on a little-understood metalworking technique. 
Various niello recipes taken from historical treatises are reviewed with this new data 
as a reference. 

1. Introduction 

Niello, from the Latin nigellum, meaning black, can be described as a lusterous, 
blue-black substance, composed of one or more metallic sulphides which is either 
fused with a flux or burnished flush with a metal ground. It has been used since the 
3rd millenium B.C. to enrich and heighten engraved and chased ornament and in- 
scriptions on silver, gold, and bronze objects. Niello differs from a true inlay in that 
niello is fixed in place by heating and not hammered into the field. 

In 1953, A. Moss (1) of the British Museum analyzed a number of niello samples 
using x-ray diffraction. He reported that all samples dated prior to 1000 A.D. were 
composed of the primary sulphide of silver, acanthite (Ag a S). Using more sophistic- 
ated analytical techniques, Schweizer, et al (2) reconfirmed Moss’ conclusions after 
analyzing niello from several Byzantine objects in Swiss collections. 

In 1978, analysis of a sample of niello using neutron activation (3) showed a 
significant amount of copper had been used in its manufacture. The sample came 
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from a late 6th century Byzantine silver hoard in the collection of Dumbarton Oaks 
Library and Research Center, Washington, D.C. Because of the interesting data 
acquired by this analysis, a more detailed study was indicated. Fourteen samples 
were taken from 12 Dumbarten Oaks hoard objects and subjected to a number of 
analytic techniques. Although only a portion of the silver hoard neillo was sampled 
some interesting observations can be made about the results of the various analyses. 

2. History 

The initial use of niello as a decorative process on metalwork can be traced 
back at least to 2300 B.C. in Asia Minor (4). From there the process gradually 
moved east to the Mediterranean area. The earliest example from the Mediterranean 
is a nielloed, bronze dagger, dating c. 1800 B.C., found at Byblos, Syria (5). Two 
metalworking techniques were used to produce the dagger’s decoration. The blade 
was inlaid with gold. The handle was plated with gold, into which a contrasting 
motif was nielloed. This object may have been made in Crete, which had trade 
contacts with Byblos during this period (6). 

The Mycenaeans, on Mainland Greece, produced the most spectacular 
examples of Late Bronze Age niello work. Schliemann’s excavations of the Shaft 
Graves at Mycenae in 1876 produced a number of nielloed objects, including 
ceremonial daggers of unequalled excellence (7). These objects, which date c. 1550- 
1500 B.C. were produced by a technique known as Metallmalerai. or painting in- 
metal (8). The smith first cut a shallow bed into both sides of the bronze blade, into 
which was laid a darker sheet of bronze, or sometimes silver. Cold-hammered cut- 
outs made from various colored metals (gold, silver, copper, bronze, and electrum) 
were then inlaid into the metal ground. The surfaces were polished to remove hammer 
marks, the blade was oxidized to darken the silver sections, and details of the motif 
were engraved and chased into the various cutouts. These incisions were then filled 
with niello and the entire “painted” surface was polished, thus producing a metallic 
polychromed effect unequalled since in Western Art. 

During the height of the Mycenaean civilization (1550-1300 B.C.) nielloed objects 
are rare outside the sphere of Greek influence in the Mediterranean area. The 
Minoans on Crete were most likely familiar with the technique, and may have taught 
the Mycenaean’s Metallmalerai , however no Minoan niello has survived (9). Other 
objects found outside Mainland Greece during this period show strong Mycenaean 
influence. A silver cup, dating c. 1400 B.C., decorated with gold leaf and niello, 
found at Enkomi, Cyprus, has a traditional cypriot shape but the workmanship is 
definitely Mycenaean (10). It was probably made in Greece for the Cypriot market 
Niello appears to have been used as an “adhesive” on this object to fix the gold leaf 
highlights to the nielloed background. 
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With few exceptions, that which can be described as "Egyptian niello’ comes 
from one 18th Dynasty grave, that of Qeen Aahotep (1587-1562 or 1557), excavated 
in 1859 (11). The gold Sparrow-Hawk Head pendant was worn at the back of her 
breast ornaments. The niello is compact, set into a deeply carved bed, which is not 
a characteristic of Mycenaen nielli. A bronze dagger found in the Queen Aahotep 
Treasure carries the cartridge of Amosis I (Queen Aahotep’s son) which is inlaid gold 
against a nie llo center rib on each side of the blade. 

Other Egyptian nielli corresponds with the same time period, but is applied 
differently than Mycenaean niello. Both the Egyptians and Mycenaens may have 
learned the technique from the Minoans, adapting it to suit their respective aesthetics. 

With the end of the Mycenaean civilization, c. 1100 B.C., the Metallmalerai 
techique died out. During the "Dark Ages’ on Greece (1000 B.C. — 700 B.C.) no 
known Niello was produced. Niello was known, but used sparingly by the Classical 
Greeks, usually to decorate silver plate (12). The pyxis of Vaison , c. 200 B.C., 
shows us the use of niello in a bi-tonal context, i.e. black on silver (13). There are 
other objects produced by the Greeks using the technique, but none compare to the 
imagination the Mycenaens were able to give to their nielloed metalwork. 

The Roman silversmiths on the other hand made great use of the technique. 
One of the earlier examples of Roman miello work is found on vessels from the 
Hildesheim Treasure, which dates from the 1st century A.D. (14). Niello is found in 
use throughout the Roman period, however, it is used in a bi-tonal or tri-tonal con- 
text, following the Hellanistic tradition. 

The anglo-Saxons adopted the practice from the Romans with some spectacular 
results. The Sutton Hoo Ship Burial contained several beautiful examples of niello 
work on gold. Both the Fuller and Strickland Brooches were analyzed by Moss in 
1953; the niello from both was found to be acanthite (15). 

During this period, the silversmiths of the Byzantine Empire were also using 
niello extensively, especially in inscriptions on their silver religious objects. A small 
Byzantine religious plaque shows what may be a rather unique method of 
applying the niello. The neillo was ground to a fine powder, to which a flux was 
added. This was mixed with a liquid and brushed on the plaques surface. The 
object was then heated until the niello fused to the silver surface. This process is very 
similar to enameling (16). 

The Mycenaens, with their use of Metallmalerai produced the most spectacular 
examples of nielloed work. This technique seems to have been lost after the 
Mycenaen’s decline, and cultures since have used niello primarily in a bi-tonal or tri- 
tonal context. 
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3. Properties, Manufacture, and Application 

A. Properties 

Rosenberg (17) goes to great lengths to describe the difference between niello 
and enamel; niello being a metallic sulphide, whereas enamel is a glass which fuses 
into the decorative area. At room temperature most compositions of niello are quite 
brittle, however at low heat (100M50 C C) they will become malleable enough to allow 
them to be burnished into the metal substrate. The various niello recipes from 
Table I show a variety of melting points. Niello manufactured with only silver and 
sulphur (acanthite) melts at 838°C, and will decompose at this temperature in the 
presence of oxygen (18). Therefore, a niello consisting of acanthite must be applied 
by repeatedly heating to low heat and burnishing the sulphide into place. The 
addition of small amounts of copper and/or lead will lower the melting temperature 
of the material. 

B . Manufacture 

Briefly, niello can be produced by melting silver alone, or with various propor- 
tions of copper and/or lead, and them pouring the molten mass over elemental 
sulphur, thus forming a black, metallic sulphide compound. Upon cooling, the 
compound is ground into a coarse powder to facilitate application into the engraved 

or chased metal substrate (19) 

C. Application 

There are two primary methods of applying niello. First, depending on the 
composition and, therefore, the melting point of the sulphide, niello powder may be set 
into the engraved decoration and heated until the niello flows and fuses to the metal. 
The excess is scrapped off, and the niello is then polished flush with the metal surface. 
Second ly, because most compositions of niello will become malleable at low heat, 
niello can be applied by repeatedly heating and burnishing the powdered sulphide into 
the metal substrate (20). This process is more time-consuming than the first method. 

4. Analysis 
A. Samples 

All samples for the present study were taken from a mid- 6th century Byzantine 
s i Iver hoard in the collection of Dumbarten Oaks Library and Research Center in 
Washington, D.C. using micro-sampling techniques. All pieces in the hoard are 
reputed to have been manufactured within a twenty-five year period in Constantino- 
ple. Fourteen samples were taken from eleven vessels; the largest sample being 
approximately 5. 0 mg. 
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B. X-Ray Diffraction 

Most samples were analyzed using a DIANO XRD 8000 diffractometer. Con- 
siderably less than 1.0 mg of each sample was mounted in a Gondolfi camera in the 
Debye-Scherrer mode and irradiated for 20 hours at 20 ma, 35 kV. The x-ray 
powder photographs were used to qualitatively identify the mineralogical constituents 
of the samples (see Table II). 

C. Emission Spectrography 

A portion of thirteen samples were analyzed using emission spectrography which 
provided semi-quantitative information about the elemental composition of each 
sample. The analyses were done on an Applied Research Lab Spectrographic 
Analyzer, model number 26000-1. Sample weights varied from 0.4 mg to 2.2 mg (see 
Table II). 

D. Scanning Electron Microscopy with Energy Dispersive X-Ray Analysis Capability 

Polished sections of four samples were examined with a Cwikscan 1 00 Field 
Emission Scanning Electron Microscope (see Figure 1 and 2). This unit is provided 
with a Kevex-ray Sub System 5000A X-ray Energy dispersive analyzer which gives 
rapid semi-quantitative compositional information about areas being viewed with the 
SEM (see Table IV through VIII) (21). 

E. Neutron Activation Analysis 

One sample of niello was analyzed using Neutron Activation Analysis by 
Dr. Pieter Myers at the Brookhaven National Laboratory. This provided accurate 
quantitative elemental information (see Table III) (22) 

F. Optical Metallurgical Microscopy 

Several samples were mounted in polyester mounting media, polished, etched 
and viewed with a polarizing optical reflected-light microscope. These polished 
sections were also used with the SEM. 

5. Discussion and Results 

The analyses of the fourteen samples of Byzantine niello are summarized on 
Table II. Nine of the samples contain more than 1% copper, six of the samples 10% 
or more copper as determined by visual estimates of emission spectrographic line 
intensities. X-ray diffraction patterns identified the copper bearing phase as jalpaite 
( gi-s 5 Cu. 45 S). In nature, the mineral jalpaite contains about 12.5% copper. The 
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data from the x-ray diffractometer and emission spectrograph show a reasonably 
closs correllation with this value. 

Many of the samples contained acanthite (Ag 2 S) as well as jalpaite in a two 
phase system (see Figure 1). These two phases were formed during the cooling 
period (23). Both phases have been analyzed on several samples with energy disper- 
sive x-ray analysis and their analyzed compositions quantitatively correspond to 
jalpaite and acanthite (see Tables IV and VI). The Neutron Activation Analysis 
detected a significant amount of copper (see Table III). One interesting finding of 
this analysis is the amount of gold in each sample. The solder and metal of the 
vessel contain nearly the same amount of gold, whereas the niello sample contains 
significantly less. Because of this difference and the difference in the amount of 
copper in each sample, it is reasonable to assume that the silver used in making the 
niello was not the same as the silver used in making the solder and vessel body. 

Figure 2 shows several light and dark inclusions. The light inclusions were 
analyzed using energy dispersive x-ray analysis and found to be mainly silver (see 
Tables VI- VIII). The dark inclusions contain a mixture of elements. Besides silver, 
sulphur and copper, minor amounts of iron and zinc were found, probably impurities 
from the manufacturing process. Chlorine found in several spectra (see Tables IV, 
V, and VI) may be attributed to corrosion products formed during burial. 

Because of the significant amount of copper found in a number of the samples, 
it would indicate that the Byzantine silversmith was attempting to lower the melting 
point of his niello to facilitate the application process. Practical experiments carried 
oul in the Objects Laboratory, Center for Conservation and Technical Studies, Fogg 
Art Museum, indicated that a niello with a silver-copper ratio similar to that of 
jalpaite easily fuses to the metal substrate. Thus, the need for repeated burnishing of 
the niello is eliminated, which will make the application both faster and more precise. 

Because of the information obtained through this new study, the conclusions 
made by Moss in 1953 must now necessarily be amended (24). The elemental compo- 
sition of the samples indicate the ancient Byzantine silversmith was aware of the 
possibilities of using a fusible niello, and most likely did utilize both methods of 
application. Additional study is needed on niello from a variety of areas and time 
periods to more precisely define the dates of transition in application and manufac- 
turing techniques of this interesting metalworking process. 
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fefefeqtqr qR* qwqqq fe%qf(q % qrrq qq% qrfe if qfe qq ^qETT | 3fhc ^q qqqq 
qrqEiq q ^fe qE qqq^r qqr (qqqq) qft SRErsqw q<qi f 1 q^ fqfqfeqf ^ qf qqfqqr 
qwr qfeqr qqrErr | (feq 4), jqifet % wtER qrqrf?qqr Enq qfeqq, qt qfe qqfe 
% ^rqq ffe I, q% qfq ^t qffe, gjqq qife qqt qqtq qqqnq | feq% ^q qi^j | , 
qrqr-w g fe-gfer qweff g gg q qwqt qq qrfet tfeT Efeqqt tqq qrETT| qtsfe? 
jqqsiT % feqwtqTR qq qqqor qqETT | I feffeq TEEff t qwq-qfe t 5HW ^ %EW qTETT | 
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fer% qisTTO^q TORT fqfe ffe"T ^ geTOtf TOT JR f ! 3ffe qR^t %X # 

5tTOR f fr cRf % %r =fq?t I fi?g% TOOT TOCTR 3TT >lf | I q- RRR feft ntfea' n 

RfOTC tott-otto 3rr % feq to% top rto fqfefeff % tor-tor toto tt# f I qrf TOOTT it 
TTfr^T otto torr -mx *m | m: tot Rffe st to fi> rotot?top tottor % m*r ft toot 

*TSTO, i%i5ff cPTT f^Rty-kf Rffe <T5T€5ft % TOfR fefRJ OT Sf ^T7% XX nROT-r OTt ftft OT% i 

aratOT #s? ft tot* gqqro # trott'ot^ gw % otpt otto stotototti ft nf 1 1 gror 
3 OT qft to^ot ^cr qft #<+< qrfttftn ot ffd ■ro toft fr jr feqft wr TO-crfr ft otot i 
f*r fwrOTC aft TT j rryp!+' ?rwr wf §ro tot f*r sw: to : 

(3l) 1- Mf # TOETS CTO fOT TTf OTOT? OT §RITO 

2. f 3nr cro torotot ift totot ot |sht 

3. oh, ft sroff %otrot fesft ff=ro spt fRTO 

4. TOrgcB ft fere amfe? % srt otsrtot *raf qt sr« ot 

5. feffer ottot ot ferdqRw nro 

6. totot r ffer y-3 ot qrarfOTfer gftfe: rtot ski rot i 

W OT ft TROTTOTOE TOT OT OTf TO TOOTT feTO TOTT ft '3ft TO 

(to) l. fefror qnroR ot ?jrot cro ssfero i ^eto % otrot qft rrrt ?t w 
OT otot 

2. fern'i ot RkotCt 

3. ROTE RCR CTO 4OTTOR TOR ft fRTE TOTTO OT gfft CTO 

4. tost, ftrofti ot ftfftro ot gror t 

4. feTcfiRt ^t 5fff?T Cv4T srffferi 

% 'RRCR qsc % fewf<4! qfffg- Tt "R JR i 5TR=#r ii T % *R 

4FT tRTTOC =^fF?T W I sftC f%T W TORRT fen RFT fe?% XJl RXm TOT l W 'TORR 
^ totot % 3?r ^ ^t RRft wfif Jrf i Rrn fee otw «Rif qn srfei fen r?t 
3t-infR sr^Rr =pt qiwfOT ffe «n i afec crs ? #fi snftn fen JRT, J?«n fCT, 
ntm, <hm, otto, g^T, ftro cwr mroft i rt tot ot toct mn: srOTflfei toft <qfer f <*fU 

RTOT TOST %r TOTTTO JfTO 1 fefer Sff OT 3TTTO ftr?5T Sgfel TO TO’ k 1 gc5 280 TOC) 

fefer tootr ^t TOfferf tror ot jr f i frfcR tootr rt ffe OTrotferf r^tor 
tor tc | qT R T TO^q s ngoft % fm ot qf? % q% fro % otto srfer g^fer 1 1 ?ror % 
srfgqOTT ffer srra^ ^toto ot ferot qfe to% 1 1 w tottot 5 toto $to | i qfroeat % ^q 


ap 11 
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<sjto T^rfo dsH 


q q?rf wriror to qqq'iq qfr fsn TOt? ftar 1 totw? to fro%ror TOwrqfqw g^qroff tot 3qq 
fqfqqf ^ fwro qqr 1 ?q^ qterr totw tow (i$k*n) qiqr qqr 1 1 frorf *r to if qqfg gg: 

sfqR fWT | 3 ?>q % qq qqqqfqw 5 fRT % I | 

stfsTroror: wtcrt qwfr wt qqt |f | (few 5) feq% a?rc gro to wfe? fro 
to m towt qf | afk ?q to fe feqr qqr 1 1 ^ftcr€t «!fr q?r fefeq to?T # srf^fsr q^ qr 
% wfeff q ww# % $e% qwro tot qq toto, wg to to few to fro q*r % 1 

q qqq? qs #few qqRqr | srrT: $# qroroq qqffecr w# | # ^r# sq# 

fqwwTOq 1 1 

5. Trenqfqw totok 

tot fefwfewf % wrh? totwr qfrocwq # #ir fss wcto wfew tort? 
totow srr i qqffe % fegt % qfe qq to | wfe # w^w qRf - % fwq to| q|tq #r q qfer 
to 1 1 toto qq xg? wfet g# srofq # qf ; $^q#[W, i>ww, $few ^qfe:, ##q, 
qftfeqq fro, toto###*?#, qqgqRq, qfqq- t#rw qxfroq to q arrow tort# few fft 
q#fw fe# qrf qraror qqqf , ww# r gw to tot qq fewqrq are# 5Rf gan 1 gqqx-gqw 
fewiqqq wf qro towt fqqq toto w# ^ # sfe§ qfroq stf gq i tot toiwr % TOT- 
?qqq gw few tor: ft qq (few 6) 1 fewf qrf qqqf wwrqfew % tow gr qrfwqx tor 
ft# 1 1 to: # fro gT# | qqq to? fro | ark far qpw: fewq gfe 1 1 xxmft ?t 
fqfro angqiqf q ftroR spq q;^% qq qq (quiq?) q^ qq fiftqqqq? to? qfr q?T 1 
W tor % f%q qjqiwfro aqqr qrqafro top to to TOt 1 1 TOrf to% % to 
stroq q 3% qrqrfqfTO ^qfe % srt $rfqq to% qfqq# qqf tor # qf 1 Iqt qs % 
fwMror qqfqq q>qq q? fqir qqqqq qqTqqr qq qiqftfqfqqr ^3 tt i ?q 

qfero Rqfqro to fq%qro| ?q=Pt qcTOmfaqr to qfqqro to gw fqroqr 1 1 qqfq wiwc 
^ qf qtro q? toto | %fro tow % qqrro (stot) % qw 3R# fqw toto 
1 1 ?q qwq wt qqroT qfwqt ftro | sqq qqw irq^qq q?t jrqiqfw % qroq qr qtq 
’^wwt q qqr ftro 1 1 q? x^w srto qfqqwt | wfwq qrtf qt qrof qqqft qff q^T to 
qwqi 1 q{% SRqtq q qfqq fsti?id ap)" sqq^q f%qj snq ?t qqqiqTOfqrcfr fqroqT ? sftq 
fw wt snqfqq qqro 1 1 

qfeqi to qqq % fwxr Erfror % topfcR qxt sqqrqfqR f^q- qqj 1 qqroq w to 

torto % wfiq %qr qq fqqqwt qfVg- % totto to?t q i w r fqf q w $qfe: % fqror %■ wt qf 1 

qw% fq qqqpt q?t qrqqrqr ^ 3-5% qMrfqfqw wt tototo ^ wqfqq 

to feq qqr 1 



tqf TT 3 % f^i Pel f^l ^ qTSR qq ?nTFfT 
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6. ’p#nri q?t mwn q*n gqq$R 

a^q TTfe^of qqq fw qqT qf qT pi if f%q qR W ff q iqqT £[fq qif TjT P Tcf 
afk irsr i qf if ^qqf qt i pqfMt qq qf? srfqqrq ft qf qt 

fqqqft H'OTd 1 qnqtgq 5PH qarqqqf^ff qft sifqcq qft qf 1 

7. fqtq *TET tf qft wajfaqrt RRR (Sr 7) 

%t Se qf% ?t fqqr |, p waff if m*- f?$f%qf qrf arrat 1 1 fqif % qqffqqr 
qfR’P | ^%q qrr (g^qiPr) q?t ^f% fair 1955 if sq qq if qfet<rw» faqr qqT qr 
faq qq q qf qrft qt (faq 7) 1 ssqft ?R?rTf 2-04 rr 1 1 fr?r ft % ^pr if qf #r 
Sr qR ft qf 1 qf qf% qtqrq % pq; gf ark Sr qnsf if faqR qf (faq 8 ) 1 

qf arRRT afafq | aftq qfjq qsqrqqft if pq f (faq 9 ) 1 q^ afa qfe ft 

qq | aftr ^qft p: qqqT qq qrqt | (faq 10 ) i faff ¥t x%mr % fqsqfafer ^t qft 
gq: RqqT qft qj H^t ^ 

1. qtqi q ?M qq? Sr 

2. grfeq sfSf 

3 - ^ffaq qqq 

4- ^gqiaft % 

5. qtqf qfq 

6 . anRRTjqar % ttr 

1. qtqf ^ff % ft mz 

8- qTafr % qqr an^puft % qpiq 

p tpttct qp>ff qft qra fqm qqT 1 1965 if fair qq qTfqfqra % qrcqfaqr fcqfe srrqq 
q qffqat fq%qt 1 

8. qfqfa 

qqi=qq qq qqq *qq^ ft% % ark aifa?; q arfgqr qroff qq qqqtq qrfa ft* qft qf 1 

l. qf?r qff Rqfqq qq qf qt qft r qtqrq if qq> qf?r qqrqi qqi fqq^t 
qfqif 15 %qto «ft 1 5?sqfr?q: qtqm ^t 2 - 08 qter qq; 3fk eqfqqq: 20 qqfo qq? qqqr 
qqr 1 Set qqi qftf ^t e!f fqqqq aqrq 8 fqqto g-qy qrqrf 40 qqto qf qq qf% *f 1.94 
qtqr qft ^qTf qr ^Srqq: qq qt qf aftr qq?ft qft ?ft qq qqif?qfq T^q % feq q%- stqr 
qqfqq q qff fqqr qqT i 
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sfro xrq-o ZZX 


2 . ^ TOPfT *£t ( 2-04 x 0-07 X 0.07 TOT nfe) nror xft% *r 80 TOto 

1 102 ?rnto tot 150 ^fto # |fr to: nin nnfe to i ?ror 30 fefe ro% ^to g 

TOTTT nfe nt| =Pt ^ rorort TOT I 

3 . TOFft TOT r ®Ft cTTT ?T TOf TORT TO crfsTT TOT fefe gfe TsTft Tf | 

4. to% n sn rosf r # ^fr fern nt| 3 ?t tot ctr nfranr tr 

eroro fen tot (1 tot €t %+3 tot fro ro^ tot ix=p tot fnt frft) 1 

5. nfa % stro ’roro *Pt tor torto nfwdr % nfk to fen: ^ fen tot 1 

6 . nfnf fen: ;ron % «tr tot to top?! TOft n TOTfer nt| spt «s? % gnj 
ntfe: to qroro *ro% nnrferfn Jr wr w 1 

7. 'rinf % nr? ^ snk mnferfn n n?T fen tot 1 nf n re ront to# nf 
fenfffnfe:nffror:3nTO?rnTOTO:TOr fen tot 1 torto # nfnrar ?r nfet ^r 
TOngro fen tot » 

8. to ?Rfe % sro fer fen tot nfc 3 ft nt nfrof # ro| torto % nr 
fenT tot 1 

9. ron ^ afeff to #? tot TOnferfn t ronr tot 1 

10. w nroc gin to ro?T tor afe; tot roro # wt to tot gro fro 1 

11. to nnr g?fen ffer ft n% % ro| 'fenrra # nfrroT ?r jn: nrro tot i 
fefn roff # sri% n sm% % fex nfrn % tottot tot nTferom tot feror rorncfr if 
feroro tot wife fnn j^n qfn to TOfsr to fefen fen to nron 1 1 ntfe to fefn 
ft jpftn nff fro 1 

gt 4 4 fr ott to fron % fex ^fefer nro fentn n TrnmfTO fefn ^ 
nro fero TOTsfefecOTgn wtrotnfen tot (fer 10 tot 1 1) (fro 12 *r nfen 
^r kroro tot f ) 1 

iro sttot iro %nt (fn) to gfn ^t ntron to nt fror^- afep tott nt 1 
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MURALS OF TABO MONASTERY (DISTRICT : LAHUL & SPITI): 

PROBLEMS AND THEIR PRESERVATION 

By 

B.N. Tandon 

Archaeological Survey of India, Dehra Dun 
Abstract 

Problems regarding the preservation of murals of Tabo monastery 

situated in district Lahul-Spiti have been discussed. 

1. Introduction 

The valley of Lahul Spiti is a remote place situated near the Jndo-Tibctan 
border. Lahul is the North-western part of India and is about 13050 ft. high, Spiti 
is in the east. This famous monastery is located in Tehsil Kaza district Lahul Spiti. 
These Budhist monasteries are decorated with beautiful murals of exquisite and 
impressive beauty as well as number of statues made of mud and painted over with 
colours. The influence of Tibetan Buddhism is distinctly seen. These monasteries 
belong to the period between 11 and 13th Cent. A.D. These comprise a large number 
of Gomphas quite akin to Ajanta Caves and sometimes referred to as Northern 
Aj anta. The theme is al! buddhist. 

These Buddhist shrines (Photograph 1) were declared protected in the year 
1972 (14th August) and the work of chemical conservation started immediately after- 
wards on 28.8.1972. The shrines or monuments are about 10 in number. These 
monasteries are located in the Spiti Valley and are covered all round with snow-clad 
mountains and the temperature is quite low as a result. All these monasteries remained 
neglected for centuries together. In addition the valley falls in the Seismic Zone and 
the earth tremors are quite frequent. The number of these earthquakes have increas- 
ed in the last several years, ravaging the area of the monasteries and nearby settle- 
ments. Some of the tremors which came in 1975-76 were of very high intensity and 
caused great damage to the gomphas, the walls, floors, roofs, the murals and stucco 
(Photograph No. 2) (8/9.9.76). Due to urgency of situation some special repairs was 
done in 1972-73 in Duwong Gompha. 
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2. Stratification of the Tabo Murals 

As usual these monasteries are made of mud bricks which have been plastered 
with mud and over the mud plaster, the paintings have been executed after giving it a 
very thin lime ground. The roofs of some of the monasteries (photograph No. 3) are 
made of painted wooden planks and rafter while some of them have plain wooden 
twig roofs probably due to later repairs. 

3. Deterioration and the Condition of the Murals 

Since the carrier and ground both are made of mud, not much strength in the 
form of bonding can be expected from them. The climatic conditions of course do 
not allow much chemical activity in the form of deterioration to take place, hence the 
only activity is the physical and mechanical damage on account of tremors, failures of 
the materials used in execution of paintings, human vandalism etc. as well as deterio- 
ration on account of vagaries of age and time. Bad environmental conditions like 
frost, seepage of water etc. are responsible for the deteriorating condition also . In 
all these monasteries burning of oil lamps, scented sticks etc. are the agency providing 
the soot and such alike matters. Defects on account of use of wrong materials and 
faulty structure add to our problems. The condition of 9 Gomphas have been studied 
in detail to prepare a systematic scientific plan for their proper maintenance, cleaning, 
consolidation, strengthening and preservation. These were examined for the condi- 
tion of walls in relation to humidity, capillary action or condensations. These were 
looked into from the point of view of adhesion in between the different layers etc. 
AH these Gomphas have extremely beautiful murals over the white thin ground, the 
Gomphas which were taken into account are: 

1 . DU WONG - Probably Earliest. 

2. ZELMA. 

3. GONKHONG. 

4. LONG-CHHIBBO or DAN-TAN-PA. 

5. CHHAMBA CHHIBO. 

6. DOMLONG. 

7. CHILKANG. 

8. SERLONG-Later Period- 

9. CHOMULANG. 

10. PHOO. 

As explained earlier, the pigments, ground (fine and rough) as well as carrier 
of mud brick wall have suffered extensive damage due to snow water which collects 
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on the roof and finds its way ultimately on the murals. These murals have a binding 
medium (gum) which is water-soluble and when it comes into contant with the water, 
it swells and disturbs the pigments due to increase in its volume, in 
some cases the water mark is clearly seen (Photograph No. 4). Loss of adhesion due 
to sudden temperature change inside the Gomphas because of burning of fires, 
cupping tendency, flaking etc. are serious problems with which we are faced. Deposit 
of soot sometimes in quite thick layers is yet another deterioration that is noticeable 
in many of the Gomphas. Deterioration in bonding strength in different layers has 
also been noted with the result, buldging tendency is also present in many of the 
murals. Due to various tremors, a large number of cracks developed in the mud- 
brick-walls which have been badly shaken. These cracks do not limit to a particular 
area, but sometimes extend to from top to bottom and cross the whole mural paint- 
ings. Fine mud plaster has also been detached at several places. It was also in the 
fitness of things that alongwith the chemical treatment, a large scale repairs of cavities, 
holes, damaged zigzag edges of the painted plaster is also carried out. Structural 
conservation of the mud built Gomphas has also been done with the utmost urgency. 
The entire roof of Diwong Gompha was dug up and double layer of polythene sheet 
was interposed in over one foot thick mud roof for water tightening the roof. It is 
emphasized that in view of the extremely difficult conditions and peculiar circumsta- 
nces, the chemical and structural conservation work was done in close coordina 
tion. Therefore, the sum total work of chemical conservation work involved is as 
following: 

A. 1. Cleaning of the paintings and removal of dust, dirt and mud etc. 

2. Removal of accretions of smoke and tarry matter. 

3. Elimination of greasy portions due to oil, ghee etc. 

4. Adhesion of cloth to the wooden surface, with suitable synthetic 
adhesives. 

5. Fixing of the loose pigments. 

6. Preservation of all painted surface with Polyvinyl acetate resin. 

B. 1. Modelling and strengthening of the loose plaster is yet another 

extremely important work. Cracks developed as a result of earth- 
quake are to be filled. 

2. Filleting of edges. 

3. Filling in the gaps in paint layer and plaster layer. 

4. Filling the gaps at the joints, walls* 

4. Nature and Techniques of Paintings 

These paintings have been executed in tempera techniques on mud plaster . 

The mud plaster has been laid on the mud bricks and after which it has been burni- 
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shed to make it smooth to receive the paint layer. Over the smoothened mud plaster 
a thin layer of lime has been laid. The binding medium used is non-proteinous in nature 
and is vegetable gum. A large number of pigments have been used e.g. green, blue, 
red, black, gray, brown, yellow and orange. These colours are mostly inorganic and 
mineral in origin and have been used with thick consistency. Schematic sketch of 
the different layers is given below for reference purposes. 


\ Paint layer 

2 FINE LIME UAYCR 

3 GROUND OF MUD-PLASTTP 
A MUD- BRICK CARRIER 


Figures of different sizes have been made. The bigger sized paintings are 
present at a higher level and hence better preserved because they are out of reach of 
human hand and have not suffered human vandalism. Most of these paintings depict 
Jataka stories. The ceiling is about 5 meter high. No varnish seems to have been 
used as a preservative. The pigments have been analysed by chemical microscopy 
and other methods. Blue has been found to be Indigo. Paintings show a lot of 
retouchings of a later period and these are organic in origin. 

Mostly ceiling is made of wood (Photograph No. 5) on which husk and mud 
has been laid to make the roof and these are painted. The techniques of paintings 
on the ceiling was that small piece of wood were put on rafters and human, animal 
and other patterns are painted on them. 

All these monasteries are living monuments and hence present those problems 
which are inherent in such cases. 

5. Chemical Treatment 

Chemical treatment and conservation of these murals presented some very 
complex problems, since these are executed on mud clay plaster and finished with 
fine lime wash to receive the pigments. A whole range of chemicals was used e.g. 
alcohols, acetone, amyl acetate, toluene, petroleum ether, triethanolamine, cellusolve, 
methyl ethyl ketone and these were found quite successful as the photographs indicate 

for the general cleaning, removal of soot and grease, dust and dirt. Mixture of the 
chemicals showed much better results than single ones. Treatment brought the 
originals to view (Photograph No. 6). The cleaning of paintings was both a chemica 
and mechanical process. Dissolving the accretions and then physically removing 
them is the usual course of action. The chemicals have been used in different propor- 
tions without producing any deleterious effect on the paint layer, thus exposing the 
paintings m its true glory. After the cleaning operation, these paintings are coated 
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'with 3% of Polyvinyl acetate in toluene, to provide a protective layer. Polyvinyl 
-acetate in proper viscosity has been used as a surface coating in the murals of Tabo 
Monastery. The main advantage of this synthetic plastic is reversibility which is one 
of the basic tenets of conservation. Though in the long term it shows a slight 
yellowish tendency, but then it goes very well with the tone of pigments. This 
-coating has a polymeric structure and is made of long chain or network of simple 
repeating monomers. This is a good preservative but of course no material is perma- 
nent. Methyl methacrylate in toluene showed a tendency to translucency and attract- 
ed a lot of dust. 


Filling the gaps where the cavities are created by mechanical stress and strain 
was done by injecting plaster of Paris at different levels and after giving the support 
from the front. After the treatment, the broken edges of the plaster were filleted and 
this was done by a mixture of plaster of Paris and polyvinyl acetate. Loose pigments 
were carefully put into their position with the use of 3 to 5% of Polyvinyl acetate. 

6. Repairs and Restoration of Clay Statues 

Another very important work which has been attended was the repairs and 
restoration to big image of Thujen Thop in Duwong which was broken in earthquake. 
The big clay image of Chhamba Chhibo had suffered damage and was repaired by 
pressing and introduction of strengthening reds. 


7. Repair of the Clay Statue of Thujen Thop (Vajrapani) in Duwong Gompha 

As reported earlier these Gomphas contained a large number of clay statues, 
■■one of this most important being the statue of Thujen Thop (Vajrapani) which was 
-photographed in 1965 as it stood at that time (Photograph 7). The length of this 
statue is 2.04 metres. During a recent earthquake, this statue fell down and was broken 
into several pieces. It first got detached from the wall and then broken into pieces 
(Photograph 8). A few photographs will indicate the complex nature of the work. 
This figure is most ornamented and intricately carved (Photograph No. 9k Some 
parts were completely reduced to powdery form and have to be reconstructed (Photo- 
graph 10). The following ieces were recovered from the heap of mud. 


1. Broken head from the neck to crown. 

2. Broken crown piece. 

3. Torso with a wooden rod. 

4. Broken ears. 

5. Pieces of arms. 

6. Both legs. 


AP 11 
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7. 4 pieces of halo. 

8. 2 pieces of both feet. 

9. Small pieces of hair and ornamental mouldings. 

All these pieces were cleaned. A photograph taken in 1965 will serve as an 
indication to the real position. 

8. Technical Procedure 


The repair was taken up systematically and to utilize as many pieces as possible 
of the old statue. 


1. A groove was made in the wall where the statue was installed previously 
the depth of the cut was 15 cms. Vertically the wall was cut about 2.08 m. and 
horizontally about 20 cms. and iron bar 8 mm. in diameter and 40 cms. in length 
was fixed horizontal at a height of 1.94 meters in the groove and cemented properly to 
keep the wooden rafter in position. 

2. A wooden rafter 2.04x0.07x0.07 cubic meter was taken and three holes 
were made in it at the distance from the bottom of rafter at 30 cms., 1.102 cms. and 
150 cms. In these holes iron rods of 8 mm. in diameter and 30 cms. in length were 
fixed. 

3. The wooden rafter was tied with the wire at several places in order to hold 
the figure. 

4. This wooden rafter having the iron rods and wire was fixed into the 
groove with the help of cement. (One part cement and three parts washed filtered 
sand and one part of washed grit). 

5. Both the pieces of feet were fixed on the pedestal with the help of cement 


plaster. 

6. After fixing the feet, legs were put in position with the help of cement 
plaster using iron rod of the wooden rafter. 

7. After the legs then the whole body of the Tarso was put in position,, 
precaution was taken that this may not fall down and hence it was wrapped and tied 
with wire. The joining was done with the plaster as in the previous case. 

8. The head was then placed on the body and gaps and voids filled with 


plaster. ' . 

Other broken pieces were joined and placed m the proper position. 

10. In this way the work of erecting the statue and putting the broken pieces 

was completed. 


11. There were some parts which were completely reduced to powdery form 
were recast with the help of photographs. 
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Plaster of Paris and movicol in different proportions (4x1) for moulding the 
missing parts was used instead of cement, as it has the advantage of having a setting 
time which could be controlled and intricate designs could be made on it. 

The statue was chemically cleaned with alcohol and toluene to remove dust, 
dirt, soot and t grease and then retouched to their original colours (Photograph 10 

and 11). 

(Photo 12 shows the final figure) 

In the same way the statue of Chhamba Chhibo (Buddha) which showed a lot 
of fracture were also repaired. 
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Abstract 

Reflections on the Scientific analysis of art materials. Ey Madeleine Hours, 
Director of National Museum, Research Laboratories of Museum, France. 

The work of art is ‘material’ first, then an esthetical or spiritual message, it 
is also a witness of the past civilisation, and for this reason it is necessary to mobilize 
all the available resources to decode this message. 

In the West there has been a tendency, under the Christian influence, to give 
superiority to the spiritual aspect as a result of which the material aspect of the work 
of art has been neglected. This attitude has persisted and still persists with certain 
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historians who consider the historical criterion as the only mode to approach the work 
of art. On the contrary, researchers and archeologists of Oriential and extreme 
Oriental civilisations have a better understanding of the material side and its internal 
organisation of the work of art. That is why, it appears that between the great path 
of history and of poetic sensibility, the scientific analysis has very quickly taken a 
dimension as the works of Professor Satya Prakash have gloriously demonstrated. 

The scientific analysis is very essential not only for the conservation of the 
work of art but also for the better perception of its message and for the discovery of 
the deep motives of the artists. Much work in the direction of the development of 
the requisite technology have been done with very useful applications yet the resear- 
ches have so far been sparadic and often very individualistic. 
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REFLEXIONS SUR L' ANALYSE SCiENTIFlQUE 
DES OEUVRES D’ART 

Madeleine HOURS 

Conservateur en Chef des M usees Nationaux 
Chef du Laboratoire de Recherche 
des Musees de France 

L'oeuvre d'art est “matiere” avant d'etre “message” esthetique ou spirituel; 
elle est egalement un temoin des civilisations du passe et a ce litre merite de mobiliser 
tous les moyens dont notre temps dispose pour dechi it rer ce message. 

L 'Occident a toujours eu tendance a donner, sous l'influence des penseurs 
Chretiens du ler millenaire, la primaute au spirituel, ce qui est naturel mais qui 
malheureusement va de pair avec un certain mepris de la matiere. Cette attitude se 
retrouvait et se retrouve encore chez certains historiens pour qui la critique historique 
reste, associee ou eon a, la sensibilite poetique. le seul mode d’approche de l’oeuvre 
d'art. 


II fallut que les scientifiques se penchent, depuis le XVIIIeme siecle, sur les 
problemes d’analyse et de conservation pour que Pon admette en Occident que 
F analyse scientifique des oeuvres d'art est une voie nouvelle qui permet non seulement 
d'ameiiorer la conservation des objets mais egalement d'en percevoir le message, 
d'eclairer les problemes de sa technologie et parfois mjme de decouvrir les pulsions 
profondes de 3 'artiste. 

Par centre il noun semble que les chercheurs, les archeologues, relevant des 

civilisations orien tales et extreme— orientates, ont pu par une habitude ancestrale 
mieux mesurer que leurs collegues occidentaux la part essentielle dans la genese de 
l’oeuvre d'art de la matiere et de son organisation interne par la main de Fhomme. 

La qualite et Pinteret portes a la pate des ceramiques orientales, les qualites du 
graphisme d'un artiste sont percus plus aisement, nous semble -t-il, en Orient qu’en 
Occident, ce qui explique qu'entre la grande voie de Phistoire et celle de la sensibilite 
poetique, 1'analyse scientifique ait pris tres vite une dimension que les travaux due 
Professeur Docteur Satya Prakash ont magistralement d^montre. 
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L'archeologie sur le terrain a depuis quelques annees deja insere l’apport <fe s 
methodes scientifiques dans sa demarche archeologique, la prospection magnetique et 
la detection aeriene ont rendu a, l’archeologie de terrain des services qui ne sont 
plus & demontrer. Les methodes de datation par le carbone 14 pour les materiaux 
organiques, par la thermoremanence et la thermoluminescence pour les ceramiques 
ont un merite qui n’est plus discute, mais le role des methodes scientifiques d’analyes 
n’en est qu'a ses debuts dans l’etude, l’exploitation des objets de musees qui sont 
souvent regroupes par serie. II est evident qu’il n’est plus possible de se contenter de 
publier les objets d’art assortis d’une description historique et esth&ique, l’objet doit 

desormais etre analyse dans sa structure et situe dans 1’evolution de la technologie 
qu’il illustre. Je ne ferai que citer un exemple : des oeuvres ont ete inscrites dans de 
nombreux catalogues comme etant en or sur des inventaires publies au XlXeme siecle 
alors que l’analyse a revele qu’elles etaient constitutes d’electrum (alliage d’or conte- 

nant une grande quantite d’argent). De meme les objets intitules “bronze” dans les 
anciens inventaires l’ont ete le plus souvent en fonction de leur seul aspect a 1’oeil • 
couleur, patine, corrosion. En fait, les analyses systematiques, desormais indispensa- 
bles, effectuees au moyen des methodes de spectrographie d’emission dans l’ultra- 
violet, de spectrometrie de masse, d’activation neutronique, de diffraction X ou 
encore de microfluorescence X, permettent de donner de 1’objet une description 
precise des materiaux qui le constituent d’une part, d’eclairer 1’evolution de la techno- 
logie de la metallurgie antique d’autre part, de preciser par le dosage des impuretes 
ou des traces les origines eventuelles des minerais, etc. .. 

Le nombre considerable des analyses executees dans les laboratoires de musees 
obligent maintenant a entrer la majorite des donnees d’analyses sur ordinateur (Musee 
du Louvre ou British Museum). Le traitement de ces donnees par des methodes 
mathematiques telles que 1’analyse factorielle des correspondances peut permettre 
d’exploiter les resuitats en fonction de facteurs chronologiques ou geographiques et 

par la meme permettre le regroupement d’objets provenant de memes ateliers et parfois 
de nous eel direr sur les voies du commerce dans l’Antiquite. L’etude conduite au 
Louvre d’une part sur les objets conserves au Departement des Antiquites Onentales 
et d’autre part sur des minerais provenant d’anciens sites exploites en Itan dans 
l’Antiquite semble donner des resuitats positifs et aide a mieux connaitre la metallur- 
gie ce cette region, mais ce type de travaux implique une collaboration etroite entre 
i’archeologue, 1’historien, le physicien, l’informaticien, elle demande a chacun une 
certaine abnegation, en effet il y a la un probleme difficilement compatible avec la 
formation specialist enseignee de notre temps dans les universes, le langage des 

savants qui maitrisent cependant la meme langue, peut etre bien different selon que 
leur formation est a 1 origme technique ou litteraire. II faut insister, nous semble-t-il 
sur la necessite d’une concertation, d’un respect des opinions des autres, d’une morale 




Elogue Han musce guimet. Eloque Han Musee guimet. 




Fig G Affagrcil de microfluorescene X Fig j) Photographic de la Radiographi 

une statue de ^Daikini" 
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qui seule pent permettre anx historiens et aux physiciens d’exploiter avec maximunum 
d’efficacite les donnees fournies par les methodes sopbistiqu&s dont nous disposons 
desormais pour explorer l'oeuvre d’art ou le matetiau archeologique. 

Quelques documents tires de nos dossiers doivent permettre de montrer mieux 
que par des mots Fenrlchissement que les methodes physico-chimiques apportent k la 
connaissance de Poeuvre. 

“Si Pon admet que les techniques scientifiques d’analyse de l’oeuvre ouvrent 
une voie nouvelle qui vient completer la demarche historique et Pintuition poetique, 
il faut apporter a ce mode d’exploration une methode qui lui manque encore car la 
recherche, dans ce domaine, reste sporadique et parfois trop individuelle.” (*) 

Ce que j’ecrivais alors en 1976 est encore valable pour que de plus en plus la 
concertation existe a 1’ echelon national et meme international. 

Cependant les images que nous venons de presenter, les documents obtenus 
par les methodes que nous avons evoquees dans cet article peuvent apres une rapide 
initiation etre utilises par le restaurateur et Phistorien, alors que les analyses, les 
graphiques obtenus par les methodes physico-chimiques necessitent le relais du physi- 
cien ou du chimiste; le fruit de ces investigations, les resultats de ces analyses sent 
riches d’enseignements tant pour Petude de l’histoire de la technique, que revelateurs 
du metier et du comportement de Partisan ou de Partiste. 

Enfin nous pensons que e’est a Petroite collaboration de Phistorien avec le 
restaurateur et le scientifique qu’il appartient desormais de faire progresser ces recher- 
che s qui tendent a mieux connaitre, mieux conserver les oeuvres qui sent le temoi- 
gnage du passe. 

Peinture chinoise cTepoque Han (figures A et B) 

La photographie scientifique sous ultra-violet apporte une contribution certaine 
a la conservation et a la restauration des oeuvres d'art. C’est ainsi que la photogra- 
phie sous ultra-violet (figure A) de cette peinture chinoise d’epoque Han, conserves an 

Muses Guimet a Paris, met en evidence sous forme de taches sombres tons les repeints 
moins nettement perceptibles que sur l’image en lumiere directe (figure B). C’est un 
bon exemple de Papport des radiations electro-magnetiques a la connaissance de Fetat 
des peintures. 

Appareil de microfluorescence X (figure C) 

L’appareil de microfluorescence X mis au point au Laboratoire de Recherche 
des M usees de France a ete concu en fonction des caracterisdques propres aux 

(*) Extrait de “Analyse Scientifique et Conservation des Pemtures” par Mode- 
leine Hours, Office du Livre, Fribourg (Suisse) 1976. 
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recberches museologiques. Ses performances se situent entre celles de la microsonde 
electronique et celles du spectrometre classique de fluorescence X* L’interet de la 
microfluorescence de rayons X reside dans le fait qu’elle permet d’operer directement 
sur une peinture. D’autre part, et cela est essentiel, elle cst totalement non destruc- 

A 

tive. L’echantillon pent etre recupere apres l’analyse et son etude poursuivie par 
d’autresprocedes. 

Examen Radio graphique D'une Status de “ DaikinV 5 (figure D) 

Les radiographies de P ensemble de la statu e montrent qu’elle est composee de 
dix parties principals reunies par des fixations mobiles. Certaines jonctions effectuees 
par un system d'emboitement sont masquees par les brassards et les anneaux de chevi- 

lles. 11 apparait que ces dififerentes parties sont elles-memes constituees par 34 
morceaux de metal assembles les uns aux autres par des soudures en forme de 
creneaux. 

On constate que le metal de la majeure partie de la sculpture est travaille par martel- 
age, dont les traces de Poutil forment des zones moins denses visibles sur les cliclies, 
alors que les oreilles sont coulees en plein et les mains coulees en creux dan lesquelles 
il persiste le noyau. 

En outre on distingue des restaurations au niveau des doigts de la main droite. 
Conditions d'obtention: 

120 kV 10 mA Temps : 3 minutes Distance : 2,20 metres Film : Structurix D7 Agfa- 
Gevaert avec ecrans au plomb 0,10 mm. 
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qwo qgro gcfn, cfto i^to entity, ffio stt^et zm 
TT?fo XVRo ^Tfen 

mm * *snm* qft *msm, fttp? fferfe'i, 3*3w 
[ sng — fersn: is, 1979 ] 

*ntm 

qfeT-Tr~*PC 377 tfer ?^T'SHWFfr 9T KBr it 400-4000 Cm ' 1 % ^ ir L- 
sfemk % fetsir spr ferr ms 1 1 frfer ferrai ^s w.m snfffkr ^ PiRtd 
fen *pjt 1 1 

Abstract 

Infrared spectrum of L-tyrosine. By H. L. Gupta, P. N. Paade, Surest C. Ameia 
and M. M. Bokadia, Vikram University, Ujjain. 

The infrared spectrum of L-tyrosine has been reported in the region 400-4000 
Cur 1 in KBr pellet on a Perkin-Elmer 377 grating spectro-photometer. The assign- 
ment of the vibrational frequencies to different modes has been done. 

s fe kk gtff vs, arfef % qfer % w%m* * *fs I ll ~ r \ ^ 1 - 

b+firfi stfef, feiw: L-cferak, % fer fer stfesci ferrre it *it fen w i sra: 

?ht sfk qfe fafer ferfer % sri% q*r stiffen % ffek 

SPFga 4tTrtT ^j%T W I 

3TT?r fen? stitki % ¥<r if | sfk feertr ir 

q?f rlT^ Tr ^fe, L-HFWk % at=Hvt> =fepr VS tpt 3nrpffeaf d*U 

rhftff sn^f smfei qzp qtr ^rferfs % ski 1 1 
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?tRifr 1. L-sTfrrcfta 3?r 7^ srrffwr % fatsr 


p* mlmm t? - * 

cftsT?TT 

Intensity 

Assignment 

Position (Cm -1 ) 

462 

m 

COO~ rocking 

482 

ra 

NH +3 twisting 

490 

m 

C — C — C ring deformation i. p. 

560 

s 

C—C—C ring deformation i. p. 

578 

s 

C— C.C i. p. bending 

600 

w 

COO~ bending 

640 (sh.) 

w 

COQ- wagging 

650 

s 

COO~ wagging 

715 

w 

C—C—C bending o. p. 

740 

m 

ring breathing 

795 

m 

C— H o. p. bending 

805 

m 

C— H o. p. bending 

830 

m 

C— H o. p. bending 

840 

s 

C— H. o. p. bending 

880 

m 

C.CN. sym. stretching 

900 

m 

C — H o. p. bending 

940 

w 

C— H o. p. bending 

965 

w 

ring breathing 

981 

w 

C— H. o. p. bending 

1018 

w 

C— H o. p. bending 

1042 

m 

C— C stretching 

1100 

m 

ring breathing 

1115 

m 

NH +3 rocking 

1160 

in 

CCN asym. stretching 

1178 

s 

C— H i. p. bending 

1200 

w 

CH 2 twisting 

1245 

s 

C— N stretching 

1270 

s 

C— OH stretching 
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1332 s 
1365 s 
1418 s 
1435 s 
1452 s 
1512 . s 
1540 (sh.) s 
1590 s 
1610 s 
2930 s 
2960 s 
3030 s 
3040 (sh.) s 
3100-3140 s 


~~CU 2 wagging 
~CH 2 scissoring 
COG~ stretching 

ring stretching 
CH 2 _ bending 
€“C stretching 
NH + S sym. stretching 
COO~ asym. stretching 
KH x 3 deformation 
C — H stretching 
C — H stretching 
C— H stretching 
C — H stretching 
C—H stretching 


w=weak; m=medium; s= strong; o. p.= out-of-plane: i. p.= in-plane 
SIFT TO ST^f 

Bending-cf^T 
Wagging— srn^ftrd' 

Breathing— 


m % 

T wisting— ©4lqa*i 
defo rmation— 


rTW % 
Stretching— cf*FT 
Rocking— f^FTOT 


sw>itchsp 

sfm % <mrg; L- g^MP ?t s. M. ^n-pr sttft fer *T3T i "i+dKtdWi4t 

cr L-STfTRfR JpT *4<Mp' ftnTT W I WiP SfWFW Midi % 

nf i 'icsf pnn ^ ^thstct: 3ts**i % ^rn # 

3if?r^ i 

M f<O T W greT fafr e re r 

L-eT^TRfi'T (Point group) Q 3^ | 3?fc v*ifcw f^TW 

<a’ 5HiR ^ jfWt I L-SRTPfP if 24 fW’g ff% f sfr" vt*i 66 a PH STB gW I 1 

L-g i^<i f T r? % Mbw ^ ftrofr «st bt^rt % Wht 3^1 

% tprrrf if ^ wmH % 'Tfr^mT 'OTTR PpT I 5 PfT | I6 ' 1S1 I BR7R PTOTSfl 

^ ^rrc ■jtft fnt, —OH, — coo- bbt — N + h 3 * 



294 


gm, sn%HTF em fr+rlw 

Rm'is |> ft> 5'afl’i f *[tt frnr srff^^rr'T^FT ^>t st?>fcf 3> sfd 

fTcr | [U5 i fmf q>r fW^r gura: p^?r w*ff re srmfcr | [12 ~ 16] i 

*nft ^fsTcT ^ sTTffxm re g|*nresr sreft l f fen Trar 1 1 

1 . ffe?r, srrc:° %o, tio qTo, feren, qsro refefe qn° rnr° nre irrerer,. 

STTTo TTo, 3 Ro 3^0 %ffo HTHTo, 1955, 77, 5708 

2. g«rr?, tttto, sjrfffr, %o, qwRTn, rei°, Tfemfer, eto nrefeifroT, tnro, fer|i- 
ffer° ipSTo, 1958. 12, 253 

3. ggfw, %o, referfr, €t°, ftr^FFTHt, £to are feffsrar, fefefrero q^o, 

1959, 14, 236 

4. W?, T?5To am £I%Mt, €fo, 5%o %fao ffeTo, 3fTq"R, 1959, 32, 1044 

5. sere, fo, §|f TTo cW TrWraTs, fr°, fefstfreTo qreT. 1963, 19, 293 

6 . 5 $!, q^o 9iu3^i, ffo qno, 3ntrar, g^sr fto gsrr frrefeiT, qjro qq- 0 , 5 few, 

24, (rer ir) 

7. 4,81, tr^o t^fOj refer, 9To refo, 3TF%ST, ft °cm ffreferT, qiToTrci'o. ^fo^T^o 

ffeT°, (fer f) 

8. refrem, qir° q°, %fer, fro qo ^«n refer, qno qno, refofreio fafao, 1965, 62 

(3), 265 

9- femTRmr, STTTo TTTTo, ^jut, fto q^o g^TT fTOT, %o, 5Ro ffeo fe^o *nfo, 

1973, 55 (2), 66 

10. <fer. sre° 3TRo cm refer, #T° TPqo ? feretfrero qreTo, 1953, 7, 253 

11. rereft, tt^-o, refer, gfer fro gsrr frreferr, qre qqo, qreT stiffen ?fere (ts ir) 

12. fefeorfeffer, tto rm to, tjo i^ro, feferero fereo, 1958, 12, 47, 57 

13- *S'*fei, fe° ff°. fere, fe TTTfo ?m fefre, tttt o qSo, ffeiilfret 0 q^sto, 1958, 12, 
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% m 

#FTcft %o rrqo tso ?f«n £t° sfto ^nrasff 

totto from, to to «nf tosh htoh 

[ TOT — TO 2, 1979 ] 


mtm 


TT^rrsft ■ ^Tr< f <s ilftpTOTftfTOrr % fTOTTTOTt HTO -TO TOfflTO 4TOT«I=f? 

toto ^tot I 111 i toP 3 w, toft htstot h sti^ toft toF rws TORHiifra 
^tot % tot tohI*™ to toito fro: to i totot % w?i#n % tott TOTfrro 
qrqrg j[S TO I TO TOR H, HR TOWPTTlfreft ^tro % H&FT ^IssUt to toft, %fro 
^TOT % TOT | 1 StTsTTH Is^TO-TOTO % TOTO TOT, TOFT TOTOT TO, fTSTfwt HfTOFT 
apTTOT % tJTOT % TOT if 2TTO cp spTO if ^TO 5 ® 3 TOTOPTTifTTTf TOTOTO TO ’TOFT % TOT 3TFT- 
lTOT 3 ff TO SfSTOT TO^rT fTOTT TO l TO STO H, fRTO TOTOT TOFT TOTTTTO % TOT TOTO? 
HTSTOT H ST fi f faTO t TOP" TO TOFftf I TO 3TTOSFT H 5TJTO «UTORT5IRiY f : 

o’ 


TO 


(i) STTTORTTORff TOTTO ( CH 3 — C— CH=N.OH }, 

(in TORTORTTOtHt TO^PT (HO.N==CH.CO.CH=N.OH) 
(ill) sfTTOTHTlfFfr TTHTTOferH (C s H..CO.CH=N.OH) 


Abstract 


Reactions of Isonitroso kestones with diazo-benzene. By Smt. K. Kanungo, M. 
D. Ratnakar and P. B. Chakravarti, Chemistry- Department, M. L. Bai Kanya 
Mahavidyalaya, Bhopal. 

Reactions of isonitrosoketone with diazo-benzene have been carried in add 
medium and the products identified. 

SRTtrfPRT 


(TORTO, 69 3 C). HTTOTTOTOTTOrar (TOTOF, 135 U C) 

TO STTTORTTOTOt ^WtoTH (TOTOF, 123 = C) tf TOR TOTOTO % 3TMTOT TO 

arronr frorfRfeT h Itott tot : 
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sfRcfr %0 ^TrpRfr s I^ro ft® -<rn3r< ^IITto efto 


snw>rrifWr qrffR qrr q^nfT^r ^r st^tcw ^rmT if f^fto 3 r%, .ffipr-fipsnjr if 5 ^ 
1 w *RT 1 ^r S% ppif JR [cH^H if, 0 =C TT, Sis^RiW 'H'kis.'S JR ?RJR 35 Rfq- 

(%^r siftot arraw) f^n?q- ftrenRT *rt ^T^rff^^w jRTRrpr ^ arfirfej; 

3T^r (iR'Kl if gf ) ifipsq+i' % qJJ f%SRR SKT *ST f^RT JRT sfr] ( 

stth 3R^q- jr 5 hRrc?r jrttcfrjt ?r % srrar, j rrr> iTcf fjfRT jrt i srr if 

qRi|*H JR 3Rfi?R Jpf f^fsr £RT fj(RT JRT I 51TB 'TftfefFT ^TRrIY-I if fq% JR | ( 

qfw?r <rsrt f^%^n 

5T?I r2 ] q Sn^fPTRfnft “StdlHl 3RTR sl^i'vji'jPiqJT % JRT^r stfirferr 

^T 3TKR JfTSJRT if 3TSJRR f%qT I J3*ff SfMlRI JR, SR^fq- JRSJRT if, RSqJR SR^cT 5TR if 
feTT 5TT ^T | 1 SfRJcT 3PRJR if SR %pRT JJ5RT fR ¥RJRiiRT % jS-JTf^SnJRffr cjr 

^ 1 ^TJR srfflfcfRW cem 5RT SRfSRT faRTRT % faTtfa (f?Rt f?9TT if) THTT JRT 1 JRT 

sri^HisdraT r^triWh (hi) ott strum mWr Mtsr (I) # %jrTjt jrT- 


c 6 h 5 -co-ch=nc.i 

(Mi 

Hh 

c,h 5 n=N‘c: 






C 6 H 5 ‘CO-C-C 6 H s 

N-OH 

cC-^T; TWpricd , 140°c 
(HZ') 


*^\C 6 H 5 'CO-C- c 6 h 5 

II 

HO- N 

P -WT; WFTTcFi, 110 °C 

Cm) 

CH 3 • CO • CH- N OH >r CH 3 ■ CO ■ C~ C 6 H s 

+ N - OH 

f ^ (5?) _ 

cC-^T ; VFRT^i ,165°C 

^^CHyCO- C~C 6 H 5 
II 

HO-N 

p - 'few j ■iicn R/W? , 55 C 

(m) 


C 6 H 5 -N=N‘Cl 
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snpr tt wkhp? % yi** siP^Ismi^ 

% few % MHtf 1 ! TOT 3RT: %f^T TTTNsrTWtT (IV) p M^TiPsH (V) 

hpt fwfa ^mrr *tt i fr?§ srep wzm % sra mre, (iv) an (V) %■ [spw: 

(vi) am (vii)] 9K m i 

t^T WKTfS TT=f ^T^I^'WiidHT tyifSdH (II) T) pT SRTO TTEW T 

srftrflfRT % srega 1 3fsjpRT ir, suffer fTirrsfa tt hpn^t (Viii) stfh pT : 


CH— CO— CH 

II II fTT SR^l 

NO H HO.N TRW C 5 H 6 .C — CO — C.CgHs 


c 8 h 5 n=n.ci 


N.OHHO.N 

(VIII), T5RTT U5’C 


^ (Viii), sm, ^Iifw thtt m Ttfsrrr tFw % fwrr Tf 

trp?PT HTTfSTIT ¥T WK SHT TT5 5T?3rR#fT (IX) TT TTRTT! 5TW? pTT t : 

CgH5.CH2.CO.CHj.CgH5 CgH s — C —CO — C— CgH 5 

2C2H5— O— N=0 HO.N N.OH 

(IX), 133-C 


RTWT-1 


<. : c Vt WTTT WTPT •3iS'.("'iPi'H*1 

Tim °c wrw * fer % 

STTH «iwn 


wrtr N #a 

: C 5TTH #5tf5T 


(I) 3TTWRTlftTf Trrm 69 
[CH 3 .CO.CH=NOH] 


135 

[HO.N=CH.CO.CH 

=NOH] 


(III) snpTmfrrr 

Trm 123 

[C 6 H 5 .CO.CH-NOH] 


JrfsRT TpRT TTT TISH 55 4'5 5 3 

?r mr thI^Mit 

CH 3 .CO.C(=NOH).C s H 3 

TT 

5 TWTWTT 115 8‘2 10’4 

(CgH 5 .C(=NOH) s .}CO 

jg-tfcsrr thI srfrfR 

C 6 H 5 .CO.C(=NOH).C 6 H s 110 6-8 6*2 
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sfortft %o tTJTo $to ggr tfi-o 5ft o qgsrgf 

1. fc^fa, afro, stto sso %fto mx°, 1907, 40, 2404; (1908), 41, 4012 
2- sn?f, ^s%o t qfr, 1807, 40, 739 

3. 4>I^qqt, %°, ^l=tn, trq 0 qqr =^wf, <fto sfto, qffq (srenRrite) 

4. ^rr, %- *0 TTo & grw, ^ golfer arifrft* ^nfsrfg*, qw_ 3 

1958, >To 647 *’ 

5 . trqo, g*o §j 0 %fifo snco, 1904 , 37, 1145 
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cHTT f^3TR $r wrsFft : 

S PRfer SRTfe 

TOSH feTO, ifv5 qqfett, *K3 

[ STRf-SfTOE 14, 1978 ] 

tfTTRT 

^rf«PT % ^TPT G 4 (H s )1 qfe «f> •4 J -4+ *T Gj(H 2 ) 

<to fork G 5 (Ne) if sfpn sito qq 6o ; to 35 'C crrc xx fw^q-^ra % set arewr 
km rpTT i g s (H 2 ) Jr 60° q T to?t kro Vm if topt 4% qft qfe to 35° R toft tot 
f| i #rf kqro Jr kkr tot to fronk tot toto: to sfk jgrt if arqfkraf fr *rf i 
G 4 (H 2 ) to G 5 CNe) if tot tot#t to to am, i Enro x to, tom tor feR t 
G 2 (H 2 ) if i to q fcf ck kroira to i tot to G s (Ne) it ’qjroTOP Error —%& 
q|% to ark froc tor fen: ft to, Rfe faro ror to nf to - ” fero ft to i totctof 
offsft Error —%Ai (^r kror if sffeci) tot tot qt: stkto if qfR: sttotot fee: ft 
to, Rife kro tot to qf qfir to sfk srt if arqfkrkcr to s 

rto tot to tot 'rot if to fm to fero ettot 4 - ai % fro, ^fet % kw if 
srfwffcT StfcfeifTO-tTOr kTO-ctW % ffef % fTOTTOF % TOHTT 7~ 3ft H qfWTO Ttf 57TTO 
to qf 1 1 

Abstract 


Joshi effect in hydrogen and neon : Influence of rest at a higher temperature. 
Jagdish Prashad, Chemistry Department, Meerut College, Meerut. 

Influence of rest peeiod at 60' and 35 C on the Joshi effect in hydrogen G.- 
(H 2 I, hydrogen in contact with liquid mercury G 2 (H 3 5 and neon G 3 <Ne> was inves- 
tigated under Ozonizer excitation. About 4% increase in the threshold potential Vm 
at 60° and an equal decrease at 35° occurred in the case of G 3 (H s l. At the elevated 


AP 2 
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sprefsr srarc 


temperature, the dischaige current was found first to increase followed by a decrease 
and become steady afterwards in all the three systems. At the decreased temperature 
an initial diminution in G 4 (H 2 ) and G 6 (Ne) followed by a rise to a constant value 
occurred in the tube current i. Variation of i in G 2 (H 2 ) was irregular. At the higher 
temperature, negative Joshi effect — %/\i in G 5 (Ne) first diminished then increased 
to a constant value i while at the lower temperature, it increased to remain constant. 
Positive Joshi effect + %/\i (observed only in neon) increased initially at the higher 
temperature and subsequently remained constant, whereas at the lower temperature 
decrease was observed initially and later on it remained unaltered. 

The results are explained on the basis of the lowering of the work function 
at the higher temperature and desorption of the gases fom the adsorption-like bou- 
ndary-layer postulated in Joshi’s theory for the effect ± A*- 

ooror % offerer [1] % srrerereofo- oto or retof snore or fereo-reo % 

o^re oo o%o ferret i m: of feme oeore goT fe ore reo qrr fere f sfteff srore ± & 
srorfer ft orer f 1 orre re^er srreof re sfefrffe oorer % oroo foofo ore gruffer it 
(fere offere of rearer it) 3 fk |Tsfrre re so ore % oofe if fere (offere ofrero re 
rerr it) sreooo feor ore i 


ore % ore# it freffeo (PH 2 = 59 fore, 35 °C), KOh, CaCl 2 ore P 2 o 5 re 
sorgo arei refer puffer (ph 2 = 120 fore 35 °c) afire fereo (PNe= 6‘56 fore 35°C) 
fop oifeo orere % afraffefr re spfro fere oor 1 feroo offer! ret fefejo ore ( 60 ° ot 
35°C) 00 fete rew ere fee % ffej; fef ferg; ure ore fef of feo fe o arrorerore fe 
oref if oorere fooo reft % srretrere % ffe reo of ^ f%fef reft of (ffe 1 ) 1 afiafiffe 
o offeg rer of refffer rere fofeo-srRr 00 oeoreote: % ffeof % reo re otot ore 1 

afifefoo % 25 oof ref or freer oof oerep oreif % reoo it ore 200 ore ore 220 
ote % ore 05 ofe reo % ffef Ore off sfefoo feo % 00 o oreo fere ore 1 foooo 
orer re sfetrer feo re om oorrec (r D ) ore forere (r t ) otot ore 1 i L — / 0 fe refofr srore 
(a 0 ^ *00 ai'/z'd reofsre rere sroro (%a 0 1 1 

ofreiTo o«rr ffereoT 

010 050 o %reo 00 reo rero [2] 02 otot | — 0*000: ofootfer 
m, w, ra orer % feoioo sirei 1 10 orere r ore -q6g oreff of o^rrerr 
feof % % 3»^«p rer sf of ore ft ofeo fr ref 1 1 ooofo srrp arreoo % otof G 5 (Ne) 
orer G 4 (H s ) it o feot or fooro o Vm it off ofreoo off otot ore f 1 foT sfeer 



SRffaa aar faara if awr 
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fWZ 1 ^Tfffaa if 3 =NdT 4 4 T SRTa 

fraT I f%aTT # afe (35° a 60°) Vm $ afe l«l, I'3, [a; % fsjtr wmn |— #a if 
OTT td'+dMT Sj^q^sSiai % [ G„ (H s ) if aw % *TTa Vm if §f-33 ffe spRaa. 

Vm aa ara % sRfa mm fl] % wi 1 1 =rr? a?a % fa=raa am *r ft ffe ^t ^ aa?w 
srraa Tpsj lB] % gnfra aa % afOTiataaq mm snaa'i at srfka afaaffiaaT at mm 1 1 
aar* % 5^i % ftarc at a^nanT % $3#aa straro li '" 3 ir rr ant | i afa a 
aT*na 0.8165 % SRT| d ° 3 at fs^a-i^TTa aT *TR 1 i? srfsra ff3T I INt % fasffa vk 
friftaa % knr I, sra: g=^ aacr 1 1 atsrt snaa ay mm atira aap: at arrfrar 
cf®TT ffrapr (G 4 d«TT G s ) at ffsRR RfPRTT if {fk?t qfkTF! at 5RT3ff if) faST aaT t i 

am if ffe, aar faara if 1.25 KV a? ‘ at 210 % 400 aft at nf - s :.kra 3) ym - - aft- 
aftrapgaia mi, [i2] % ^rui afr fr aaft 1 1 

ata at afe % am akr ar antf? araaar if aft aftr afe 1,33 % am «fr faam 
gro if afe ft *raar 1 1 aia a*r aft aa fa -4 m am if aft ara fra, an afs % to a 
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fer 2 if i ?RT % Di «TC feR W SRR 

sor qft surfer 5R5rr 1 1 anrfft, qn^nTR-cp sprst aft ijn: srrfu yfe nff gf i 
sfrftTfe?' G 4 fHj) nR G s (Ne) Sfqft fefe 5RT % fftffer StSWTT % fftfftxT Spfpff 

% gr? nftfeRFT am «rc ttw ?pp feR ^srr ft ft i 35°C tt (rr % g=f) sr- 
^r RR, srakwpfw am c R O'? PR feR W % sTR 5TTH %ft R ft 5T#F 35 = C R 
(60°C qpc R qfer ft qj?) Rn=n srt ftferf qn 60°C r fern spin ft Rsrrg; srfftftnpT 
fen ’kt nr i am: rr ft g;# ft 35 r C r fe^r^nr mrr ftF g?RT ft nn qfe % nre ftt 35°C 
tc qnr rr wfe 5i m |5 ?f (fer 2 rtt 3) i G 2 (H s ) ft ftfer nrawr ftF afenrnfe 
qK?-^Tw ft srt % rr fr n^ft | qftrfft wft fefrfe ftr TOifR ftfeff r Riftta 
fefsft r Mwm ST3T 1 1 in fepft q- srfefecr rrw qrr Tfenn nRRrr ftf nfe ft 
feT 1 1 

nmfer srqrtsnfti ft jm ft ferfer?r ftt Infer qfe fer snnn gnr srt nfe q>r 
ferfer am feyra- fer 1 1 aw ft qn??ir-%Ai ft ftfer qnft smm ft arg^r 1 1 an 



1-25 kV 


OTT frsiFT if 


393 
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^ %/\f Jr ft qqmr m ^x€t 1 1 grer >r ?m snqgf # foj%% 

^V ^HT^TT % jf^PT =PT 'TferT?T-%^j % fT¥ t | I [3] 

?TR %T ^fegm^T^fe ^T qR<q ^ | |P 5 3 gR qft ^fs 3 R + A f qq; |j% ^ 
sqjf<?r stor sfrefr % feprt qq stfift^r qRgr | (fgg 3) 1 grq- <# gfe ^rra-?r5r % 
3FT# 3H %fft | f^TW smffcT SPRST- foPrdqff gqtTT SR ^x€j | |£ le J gjq- t^- 
w sm%T 5RTO-^%4ff^ff # *fw % -f A* t gfs sgrenf^F 1 1 

^T 5 THT- 5 TTCR 

%f fgsgfg^ireR % ^^Tfq^cr sftw*: g*rr qgrerg fgqqr % snarer gro qq- 0 

xrrro sfreft- % qnfefg ?rt srpq pm % fsrq trqpF rr snqRt 1 1 

1. spare, %°, q*^ fgqfrgm ifffgqq, 1974, 1. 13 

2 . ^11, STRo g«!T SfRo, oftsH qtg fqrf 3 rq>, 1933, 86 - 9 - 10 , 615 

3. q° T&o g«?T g^lstof, qof° qo, Photoelectric Phenomena, 1932, %nT 

4. ^'MlsirmraT, qq-o gqr ^njCR, qto qgo, fiqst qgfqt |qn, 1959, 1.12, 1806 

5. 3?teqT,wto : ftsf fe faftre? (§*tr^s), 1959, 4-3, 337 

6. Trer, 9To qg-o, tfr-q^o g^o «nfgg 1955 , qfaft fqRfqsngq 

7 . IfiW, fs^o qgo, fq>g oHTHo, 1934, 124, 230 

8. *UHm, %o %o, ‘'Conduction of Electricity through Gases” qpi 2, 1933, tfcqq 
ffqqfgrl sfg 

9 . ^TTfmt, qgo STRo , gq ?*fsqq %f*To ghFrx°, I948, 25 , 557 
IQ. fp%, qqo STRo , fen %To, 1926 , vii, 1 , I39 

11. *km, q 0 qqo qsq qrmqf, qo qcqo, jfnfto mtrer gtaro (q?gq) 1935, Ai 49, 426 

12. 4taif, q° qqio, smfio qiNrer g^To (gq?q), 1936, A155, 490 

l3- qqo qo, “Semi-Conductors and Metals” 1939, %f?q5r sjfqqfg^ sfH 

14. fttfsro Pcsj(, 1901, 12.6, 32l 

15. qfcfte, qo, rfto STRo SRs m% o (^qg), 1959, 249-14, 1202 
19 -% 5 T^, ofto qqo, sftrfto fPRqq q%o m?*o, I949, 29 , 243 
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it® % ststott 

«fto ferrd H«rr <ft° %<> fajfNr 

[ STTO-^RT^ 28, 1980 ] 

STKT5T 

^€t#nr #^fcr*r %?n% gpfr % 3p#s %5 rft (i% hci) % zi tp*rr- 

WTfoT — Prsn^ftSH ^iwr-^TH §tr i 

Abstract 

Study of anthocyanins from flowers of Antigonon leptopus. By K.P. Tiwari and 
P. K. Minocha, Department of Chemistry 7 , University of Allahabad, Allahabad. 

The acidic methanol (1% HCI) extract of fresh flowers of Antigonon leptopus 
yielded two anthocyanins— pelargonin and malvin. 

qfrn tp^pfpT^T (stt^pp m — TMfrfRTf) ^ srrdfr m | i 

5pff % wivif fi^nrf it# ^rpff if | i felt mm wi 

TO^rWSTffr gffi? nfT fef TOT I TT <WWPi«i» 

ferr w i wru - %?=r if jaff % sth ^tfwf % 

eft sfof^r ferr w | s 

xn€frrtdd % dT% I ° G iftdMP? ^TTf^fffrT % *1W 

ferr 1 frorf % TT?#frrR?frR % ^rnf ari^rcrP*!^ qffeFi f#ir [1 ^ 1 Uh*4 
3TST cpC dffed fef^R^T 3 h qfr #fefT TC 4 ? 4dfed f%% ^TFT *TT 

t p frd' T ^fdn % qw 1 #ff St W # tpffTK rW # % ^t 3 !- 

ST^Tf STgqicfl'T ft^spff % SPTMf £FT feil 1 
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%-0 Tfo fewxl - 9 TW 'ft® %o fwffeT 


qwftw ^ rfef s? (fferrwftffer) stfwrsww :— q^Nfewfax st qfr 1% *!%TT5ffa |r^- 
p?m ffer? smr % fow# w ferwi# wfew f^trsnir (G 54.39, H 4.9 1 Cl 5.64%) 
it# spTrwx ijTR'f ?r spfi^sr c 27 H 31 o 15 ci war gw i ^rtffep ®f 3?f 20 % gT$[ffeTtffe; war 

§T WTamffer XXX cT®TT WptqffeT qwflpT ff feWJfWT WXf ^ X5=Wg; qX> q^is+.fe 
C 1S H U OgCl^cfuir ^ 348 - 50 ° WW fan I q^WfWX % TXTtWTt X^fex % WWW [2] (wxfeq; 
maffaw : XWfMfe gT^WTiffe WW ir 520nm SW p^TXXtffw; WW if 

530nm), wfewr gTqfTWTTp fexwr xw fewxwfafex % wwfax; xfferaf % w*r fex # 

m -WHm inf ffrfef samfe ir xg few;# fexw fe qwiwfe fewxwfefex ^ 1 

qwiwfe % fewrn r % wmx x% gq wxffe few qit fewx wsffex % xwxfe # 
arw fe^qr xfi s^rwpx spw xxx % ’gfex # aferr wcteFr |g; srfexari % wx feq # 
t^-WI wifew X 'J'lfetx Ct Xqfexfe 5TRT ft 1 

jfffex; 3 T fe q-Fferm icxx; WTfewx t ® 1 fe xg wx gw fe pfe qwigwx xw ’xrfercr 
w wjwx 1:2 | fwfef jffe xxwwlx wwftwr [4] fe fef # wrf 1 qwTwxfex sr yf 
irffexrfKT spwr fet 20%^TfffewPw ww fe wwfer xxfe w 3,5 wf ?feffexfr-4'7 wf-o- 
fefwr xwfem W t <i^ ww gw fwrfe xg wx gw fe qwfenxfex sr fe qx; xjfefx to; 
wwt fe??w 3 xw gxrr x[xfer top xrrxx few 5 xx xxfexfe-’jxfef % xtx ^ifeiffefep wet 
xwxt | 1 q^fetawfex ar % ; 3 #gxx wwix % xg wx fan fe xg fewxxtfxfex- 3,5 wf xjfef- 
xt^x (w fewxfeffex) ) | 1 ^xfef jfe TOfernt ^spt % sisiiwt [2 ’ 51 (arc^feg; sq^gfrw : 

%fenxffe ^TWfWfRq; snxr t 504 nm cPTT TTstiHifeq; ^nft^felfxq; arw Jf 511 nm) am 

fwnxxfffer % srmTffeP gfags r % w«r afk ftf^ra - % qflr nf 1 

ftHK’ffffer 3 ft qfx^^T fewrwr 1 1 



TpftttwPw 5 (ferfe^r) wsTfexT^wr -q^ferPTfex 1% xfenxflJr 
3 TRT % flPSWfXT few W 1 w% oTffeq;fe?#tm(G 50 . 39 , H 5 - 07 , Cl 5 - 14 %) rtf 3 P|WX 
arm % srg^r C 39 H 3 S o 1; Ci 5 trt farr i qferwxffer ar qfr 20% ffxfmxfxx; 3 rr?r % wr- 
smffer qxfe wwtqffer qmi^r stxt ffe^fer few 1 sn^itqfew qxwf^r few;q t qq? 
q?w<wfe C 17 h 15 o,C 1 swrfe 300° wg pr 1 qrxrr^k % wcrtwft wira^r srwux 
(as#? swarm : %wrwfe fi^ffeafrffe’ spw x 542 nm rrw qtwaffe ^ffefffeq; war 

if 553 nm), w wfew fTfflWTp feTOT ^ WH qffeqrr WXT q^ wfe^fer % WWfeqr 



77'%(3t33 % g^TT % H«4lttl J -lf'i37 357 SjspnT 307 

$rfe?f % 3T3 f%% 3% 3fm3%?73 33T f%f%3 53W35 % 3£ pTCSftf (335337 I pF IU^U»H 
3l!?«t(s3 ^ I 

iw^-trS^M % fn^tJ'JI % c T 3 ^li[ 33 S773I3 (l^Fn 3% %(4Md % 5J37tTT3 

Pftt 33T i 13% srrg ( 3^3 ^ ^fc sfot ^ % q^:» 3 % s??? 373 <73 grfer (%3T 

337 I 13 3Tfet #73 3 3333 %3T3 5717 *p5TC7 # 33^3% 313 gf I 133% *fi%3 

% HWTfe S%33 % 373 (%% 3% 333333 %3T3 % 3% 33T I 


3?3T3T3{%3 3 33 3n3tft^ 37*3 3S4%i3.~‘J! ;tl q33f33T3R3? 3333333i 3 'i 3 3f 533 
|3rr f% 13% 33313333 33T 3p%3 33 3f3T3 1:2 | ! 3«fT3T3f33 3 % 333TW3 SJ?ra 

3% 20% ^T?|WtK3‘ 3TRT % 33333^3 333 33 3,5 3T3 fTTfmt 3'.4’.5',7 &3T-0- 
%fcr 355%f333 3313113 373 |3T f%3% 3f 5TRT g 33 Pi5 i?3T3T3f33 3 % 33 : 3p%3 333? 
3333 3H3T 3 33T |33T 3333 333T 5 33 3<TT?3f% -OH f333 % 3T3 *3T?F7(%f%35 337 
33T3T | 1 tpn3TT3(33 3 % 33f 35 37-3335 % 3f 313 |3T f% 33 3lf?3i%3 3,5 3T? *135737- 
13 (3T 3l{333) | 1 133T %VZ 3173337 3333 % 3S333‘® 3 (33713^ 3533%M : 3337373 

§Tlft33tf335 3 TP3 % 533nm 337 ^37333 3Tlft33Tf33 3FR5T 3 537nm) 33T 3Tf?33 % 
3 l 3 lf3 35 3fg35T % 3T3 3^33%33 TRT fcfsRf 533135 3 3T 31 337 ! 3fPr35 33 33337 33 
pT*33c7 | I 



371*43 


(353 

1. qT3 j %o 3373 37, TT3 o3To, 3T33 3333 37735 ^33- 7*3lf%(%3, P-5i"K 5 3373 3133, 

1955 3, 466 

2. 2F53, 33oqTo 137lf3, (% 33Rf333WH3 3^33 1970- 8, 394, 

3. f%3T, tr3o5fo 33T 37g3173, 37°%o, 33o 37o ff*3° fl33 I960, 19, 173; 

4 . fgl 5 , foiT 3 o 33 T 3 % 3 , %o%o 33 °, 33 o %f%o TTfeX 13 1946, 1659 

5. f33TO, %oqto 13T7f%, (3373 3pC3^ 3T^o qf=T3T 1978, 21 (2), 177 

6. f%37ft', %°5To lea T R, 33 o fp3o %f3o iftlTJo (573571737373 ) 1 
AP 3 
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% WM Fe (III), Cr (III) cTOT Til III) 

3FT 3TcWT 


TOTdf c^T 1^0 w 

TBTOB SPTtWRT , B§T*Fft BWraTf BfffelTHB, Bfa?B 

[ STB — 3OTB 6, 1979 ] 

srcrcr 

Fe (III), Cr (III) WT Ti (III) B^BT % BFT arfetf^Tsfr % BOTFlfeB- 

r^ui+, 30 C C cm o-iM bhIbbt bbsbt b, qfc#=ra *rer 1 1 wx %% bib^-bIbb q=r 
btb-brb frnTk-fero^ ffinr-Tterrfr % BBmeir twi bbb §%, *pt pH- 

3i^rm f¥ir §kt, btb frnff, 30,° 40° cm 50 : c <rr o.im (NaCio 4 ) atw^^raar *r srra 

%M BB I 3MT $ STB BTTfocT % 3TB # B1BH, % STB BTBT “faBBB- 

OT’’ % BTBK Bt # sf | l 


Abstract 

Thermodynamic study of Fe (III), Cr (III) and Tl (III) complexes of a-hvdroxy 
acids. By P. B. Chakravarii and H. N. Sfoarma, Chemical Laboratories, M. L.B. 
Girls College, Bhopal. 

Thermodynamic parameters characterising the interactions of Fe (III), Cr (III) 
and Ti (III) with some a-hydroxy acids have been calculated at 30"C and in OTM 
(NaCI0 4 ) ionic strength medium. The proton-ligand and metal-ligand formation 
constants were obtained at three temperatures (30°, 40"' and 50 c C> and in OTM 
(NaC10 4 ) ionic strength, using Calvin-Bjerrum pH titration technique as adopted by 
Irving and Rossotti. The order of stability obtained has been discussed on the basis 
of these parameters and crystal field stabilisation energy. 
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FT® gT° FgRFT FFT F/go T(Fo 5Rtf 


a-^fM frt % Fe (III) Ti (ill) % ftf jftppf?, sfMfa trsf sfrsfrfw 
OTfpff % FRJT gRT F|R|F I i FStfa Fe (III), Cr (III) sffc Ti (III) % a-^rsffafr 
ar^ff % ftf f^ft % frr if frjprt ft%f if fffsf | fqgj, gg FpFffRiaff % 1^^. 
FTcFF sfftmsriFra^T % frr if gfif frjpr) fffsf gff 1 1 sm syfR-.q^ t 
Ti (ill) % a-frffMr 3 frt % fr % F®FRfFSF fk# % fr u ’ 2) st^ P=r % | 
IF FTF-TTF if J 5 n#fe, tfspg %fFF? STRrf % RTR Fe (III) trsf (Cr III) FT srfq- 

ferrsif % ^wimld<t>-fenrn7 itc^f f%ir jr | fft RTfFR % spf gt °FRFr if f^zrTt^f % 
ftft % stTsrn: ft crt Psreh frf ftorrot %• if # fft | 1 g^ir % f^ 

Ti (III) % FJR #RfT % |Fft gRT fT-gfFcT FR [1 ’ 2 ’ !J % PgF JT% | I 

sre krere 

5RR if FR JR FFT TFRF ^ScTT FTF % I Fig; JR sffifgf % frf pcTFJR =) 

FR 3TFJF gF ^ «HR FF FFT JTTFF fgfsRt -gRT JTTgfFF fqR JR I 

^WFI if FR JR FFFRT FFT STRffjR fgfgFT |FR 5 # 3TtF-qF [2] % ST^FR ft % | 
Fe(III) cRT Cr (III) %, FftE a-^TffiWT SRFr % FR RFf FTF, FfFT % RTR^T: fjcjr- 
crt ff% Ft H+HfWjT fgf¥ 3] gRT rf f^ jt% 1 PfPff qgf % rttPicf fgRTF, 
lf%JT-0*ne.i [41 gRT 5RR if FRt JRT tTF-%FpR ts] Ft pH-F^FFTF-fFtF gRT qflFpFF 
fifR Jl%! IF IF; pTR^rfer-igFRT, C0 2 ^Tfj, 0‘2M FTgFT % KOH Pffff gRT SRTfTpqF 
f%F 5# : 

(3T) 5 firar 0'04M HC10 4 , 

(f) (sr) 4- 10 ft-FT 0 02M Ftjfe-fFFFP, 

(f) (f) - 5 firar 0-002M FTg-pFFFF [ 

g FFt JT^Roff if srRgg 50 fifFi |T, sngfgT HtgFT O'lM WT % feg 
3tTg5g^ JTTFT if 1M FisM I 'PT FTfs-4^ TRFtTF fgPRT pRngT ggT I STRgr F, fFFR 
’RflR q~ RF FRT gff 3Ti%feg R RTF FgFTFT-ggrf % gTF % FRF 3RRT % 
^ % , « A, n cRT pA % FR ifgF-TTFTCT gRT fgrr R FFtFRft 41 ?T qf-RFF fqR *R I 
FteTF-Flifs cRT FR-FiFs % fFF? ,j r-f?RfT f)f FFTT, 30°, 40° F«TT 50 C C, <R F'g-« fggf- 

TF fgfg gRTpRfF-g# % FlR 5TTF ftR JR | FSfffgcT-FR pRFFF-gF fgfg F q f - C F pFF M 
FF f cRT FTWf 1 if fgif jr | | 

^ V SRTF qg TR 5 TfF%JTT 3 ff % ^5 3 ^ ^ q . ^ j^jfcfr q-R- 

F#TT % FR 30 C C cRT OTM (NaC10 4 ) STRfFqr-Ffgcrr % FTSTF F SF5T: FTR |fq; F ^FRF , 

% TP5R FFT pRF^F^FJfNRFf F Ffw?Fcf %F JR trg FRFT 2 

^ fgF JR | I 



311 


SFSrf % ¥TH F e (III), Cr (III) Ti (III) ¥f¥ 

cT«TT 

¥T¥T I^f ¥Fi [81 FF) ir^MF<=re>-f^ftr n % srfHTTF HPT (** 3), Fe (III) ¥HT 
Cr (III) % H -rrasgH g re , tfer tt# fofajjr srfe) % ¥T¥ (M : L) 1 : 1, 1 : 2 ¥HT 1 : 3 
*fe¥T % f¥¥T¥ SsrfcT f I 

O 

¥fe(H SPJHTFT Harf *f ¥¥¥ ?TO: H¥T¥T I fe SfNfe m % HP| 3¥¥¥ ¥ arfefer pf 
¥¥¥, ¥#F HH t PH? jftSR g¥5 p¥ |, 3RT: Fe (III) sfR Cr (III) % FRPnff ¥ HT srlnferTH, 
Ti (III) % fr, frp¥¥¥ ¥ frrfr I : 

M 3 +HLj±[ML]+++H- (1) 

[ML]++ +HL^r[MLJ+ - H+ (2) 

[M41+-HL— [ML,1-H+ (3) 

¥HT M 3 -, Fe (III) HHT Cr (III) €t tt=t HL, H-(CH 2 .OH.COO)- F^CHs.CH. 
OH. COO ) - 3WT H + (C 6 H 5 .CH.OH.COO)- =Ft ferfe I I 

’fr-HH-STHHT^T ¥, Fe (III)- ¥T T ¥5n%¥ , %££ ¥HT ¥H¥e tHTTHT ¥ 4‘8 HT-HH HIT % 
WW 3Pm¥ ¥PT¥ HT HTHT |; WT 5FFH Cr (III) % ¥¥¥ ft+.TO ¥ ¥H5TT>! 5’5 T 
¥¥¥¥ 5TRTH fTHT I I ¥¥: ¥¥T hR+^H I¥ <¥¥(=¥ ¥T¥T % Ip ff f%¥ ¥¥ I I 

¥R¥T 1 % 31H¥fe¥ ¥ ¥F¥ I Fe (III), Cr (III) ¥¥i Ti (III) % 3¥ TFgHT HT 
Ti (III)>Fe (III)>Cr (III) an? ¥ 'TRHfcr fRTT £ I ¥^ sF*r iferr-feffePH % ¥FJ- 
H'fHT-rPTHT^ % ¥TT¥ ¥ ¥¥%¥ sFF % 3PJH¥ ¥HT I 1 ¥%(5T¥ 5 f¥ F (III)>Cr(IID>Ti(III) 
t I srafe, Fe (III) sfk Cr (III) % ¥f¥T % ?¥Tfe=H HT fT¥, mfer S¥ % ¥¥¥¥ 

Fe (III)>Cr (III), STH p¥ t; fer§ ¥5¥3¥ ¥ Ti ( ill) % FT¥f an ’Fife*, Fe (III > 
afhc Cr (III) % ¥¥a TfeHT ¥ nfear ¥PIT ¥¥7 ! Ti (IIIFFafeT FF srfHH FSTferH, ¥*¥¥¥:, 
VT ?jfe¥T ¥ ¥!¥-&¥¥ ¥ HT¥ HSHferF ¥¥F?fe^¥ % aTOT % I 

?fef¥T %¥*?¥ H?HTfH?H,5TTaar-¥THSH%sgsqrflr l %at¥> : KFfefe>Hs%e i HFHTHHT I 
HST ¥f T^ t feH a!HHT SffTfRT ¥ff ffeT fe Ti (III) % HTTW H HF W 
ws%z rnr HHT; aft Hnnafifear, tfear T#%fear spht h artrsr: frt ffe fr. H, CH S gni 
C 6 H 5 ¥^ff aTrT FTT^T fefHH-HTHT % a>K«l HHTHT HHT | l l ‘ J 

HPlWT 2 % STHFffeH ¥ ¥P¥ f fe, ¥¥JcT STSHHH ¥ ¥lw "HTHtH % sFF T feHHFT ¥ 
TTrHW-HRHHH ^SHTrHa: ¥T¥ ¥^¥¥ <jf¥T7 fe¥T% | ; 5J^R¥ ft¥ ¥¥ HFRT % fe% fe*i+l 
sFF Cr (III))>Ti (III))>Fe (III) ¥I¥T ¥¥! I ¥f feia t ¥T?s fe^FT ar rm?T ¥ srrsii¥T % 

3I5¥¥ C T | l 
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'ft® «ft° ^«rr it?to 
HR'ift 1 


Fe (III) afhc Cr (III) % 



3c°, 40° a«rr 50°c tc Pnrfrr f^ni^ 


m= 0-3M (NaC10 4 ) a— arsfn 

b=facTOT'-*nf fsrfsr 


oFT t Tcf 


Fe (III) 



Cr (III) 

— 


log Kj 

log K s 

s log K. 

) log ft 

log Kj 

log K 2 

log K 3 

log & 

| 30= (a) 

3-48 

3*20 

2-94 

9-62 

3-64 

2*77 

2*32 

8-73 

(b) 

3-52 

3-20 

2-86 

9*58 

3-72 

2-65 

2-30 

8-67 

Tfci«t> 

SF5T 

40° (a) 

3-42 

3-15 

2-90 

9-47 

3-60 

2-66 

2-30 

8-56 


(b) 

3-38 

3-10 

2-86 

9-34 

3-55 

2-50 

2*27 

8-32 


50" (a) 

3*30 

3-07 

2-89 

9-27 

3-58 

3*26 

2-25 

9-09 


i (b) 

3-30 

3-00 

2-90 

9-20 

3-55 

3*20 

2-20 

8-95 


i 30= (a) 

1 

3-77 

3-42 

2-97 

10-16 

3-75 

3-10 

2-30 

9-15 


(b) 

3-80 

3-36 

2-90 

10-06 

3-80 

3-15 

2-25 

9-20 

SF5T 

40°(a) 

3-70 

3-38 

2-96 

10-04 

3-65 

3-00 

2-16 

8-81 


(b) 

3-64 

3-35 

2-95 

9-94 

3-63 

3-29 

2-15 

9-07 

| 

(/l 

o 

o 

3-67 

3-28 

2-91 

9-8 6 

3-54 

2-95 

2-00 

8-49 

1 

(b) 

3-65 

3-26 

2-95 

9-86 

3-60 

2-93 

2-05 

8-58 


30= (a) 

3-22 

3-13 

2-70 

9-05 

3-23 

2-96 

2-49 

8-68 


(b) 

3-26 

3-15 

2-60 

9-01 

3-20 

2-95 

2-40 

8-55 


40° (a) 

3-18 

3-09 

2-65 

8-92 

3-20 

2-94 

2-35 

8-49 


(b) 

3-20 

3-10 

2-60 

8-90 

3-25 

2-98 

2-35 

8-6 


50° (a) 

3-16 

3-07 

2-59 

8-82 

3-17 

2-92 

2-26 

8-35 


(b) 

3-12 

3-00 

2-53 

8-65 

3-15 

2-90 

2-30 

8-35 



sn^ff % mv Fe (III), Gr (III) 5WT Ti (III 313 

HK’sft 2 

Fe (III), Cr (III) am Ti (III) % sp-fr % ?tft 

?TW 30°C /1=0-1M (NaCIO*) 




Fe (III) 


Cr 

(III) 


Ti 

( III )' 1 2 3 4 5 6 7 * 




^JTo 



3?TT© 

tfeo 


*W(o 

tfco 

ffeo 

STT^d^T 


— 4*93 

- 5-24 

- 4‘46 

-5.05 

— 5*20 

- 4*48 

- 5-27 

- 4-96 

-4-30 


AGx 





















fee/ 

SP^T ■ 

- 13 - 35 - 

- 14 - 10 - 

- 12 - 64 - 

- 12 * 10 - 

- 11 - 70 - 

- 12-00 • 

- 15 - 50 - 

- 14 - 26 - 

-1280 

*rfar 

A^s 










TT^TIeqt 

WT-qp? 

- 2 . 30 - 

- 2*10 - 

- 2-00 - 

- 4-60 - 

1 

CO 

t>. 

■*rj* 

1 

- 4-40 - 

- 3-68 - 

- 3*68 - 

-3*68 

4p(4dn 

AHx 










/fo%o 

«*SPT, 

- 6*37 - 

- 6-24 - 

- 5-90 - 

- 9’86 - 

- 10 - 12 - 

- 9-75 - 

- 9-46 - 

- 9*33 - 

- 9*48 


A^Ts 










t^rV 

W4?, 

8*7 

10-00 

8-00 

1-50 

1.40 

1-20 

5’10 

4*20 

2*00 

ifr^nr 

c/5* 

<1 











23*00 

35-90 

21-80 

7-50 

8‘50 

7-90 

19‘90 

16*30 

11*00 

*TM 

A^3 
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C\ 


tr^o gtrH, Jjg? 5^!!T fT4T 3TR° afcr* 
TOTR MqVmW T, nHfemfefR ?TtTR 


[ 5TTR— 3PR5PC 4, 1979 ] 

WUm 

sr^rm <rt few r srfefT ir str §3tt f fe *r%fen ifcrferr if i m- 
ffe, fe=fe*r wr if 1 : 2 *fer sRi-u 1 1 ’fer yfeRT qfe 

SRPtfi (snfo 3 TRo) if ¥4 *rf t i 


Abstract 

Mepacrine-cupric chloride complex. By S. S. Gupta, Km. Kumud Gupta, 
and R. Kaushal, Chemical Laboratories, Motilal Vigyan Mahavidyaiava, Bhopal. 

Mepacrine, an antimalarial, forms 1 : 2 complex with cupric chloride in 
alcoholic solutions as indicated by conductometric titrations and analytical data. 
Structure assigned is supported by I.R. spectral bands. 

ipnipfa- (I), 6-wrd-9 [{4 -^t? irm-TTimfr) -i %ffer -2- 

^ spg ^ir % ?t ?rm if fenfe? fen -srr | -- 



*314 ^i#r 3 T 8 snw'PF, fferc ferpr ^feri^r, 


AP 4 
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tt^-o tt^o ygy, g«rt srrc° ^rfara - 

1. 3Ts trfsr?r tr^Rt -1- irfa^T e^fer ^flRT <Tm SRsTSTT cf«TT 

2. 3Ts[ 3TRT fsff - 4 - Prfmk I 

STl ^a if % *TR SRH jf ^£fcT 5RT STW R STFT t 3JT?tT |, 3R: srTgsff % ^ 

tTfsrwFTz^r % #^ff % sr&wr [l-7] ^ 3 tft a'fTcr Jr %'mrt?r-^f5R7 ^rho^ 

SRpT ftRT w 1 1 

5PTf*TT?W3> 

m fnrt^R — Jmafcr (croi M) ?rt ^fsRr-5FfkRs (cro2 M) 

% *rpT3T st <m: strict 55 r^rtt *ft Jr crr ^ 1 %■ 10 firo #0 



f^r 1 
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100 fir° afto cpp ferr w cm gw apjqm m% fern % *mr "‘cmpffaw” 
wwm sra 30° %o qr f^zrr ttt i smcnr w*r % wr sto hPwh l : 2 ira*k- 
q^fipp wr fr qfe tp% f (f%q i) i 

fanftspi am fq^qtJi — JrqTspfa %q (sniwr) w qgtrtfs ( 1 <m) qfr amr- 

w qft^s %eqrtp t% w ra % w wi afr*Ff w % fet €r ra fefei % 

qpr fwniT tout# are ir £§t fw tot i H-.c-imro ^ <ft% to to rpff snrr pT 
sro tot tot star froiT tot t w 150 ' %° to fqwi 1 1 w Jr C 18 36, 
H 19-95, o 5-83, TOT Cl 3'32, 71% 7% TOf% fWTO: 18-50, 20"65, 612 TOT 2‘62, 

ftHT TOftTO 1 


i 

gq^Tcf mPphthI’ %■ armn to qqTTOTOTffrpf Wki^s toto totot ii) % fra 

-froftct fen arr wrr 1 1 


Q ci 
\ / 
C*i 



i 

Cl Cu — Cl 

t 


OH, 

(H) 


rrwn qfe totto totstt (I- R.) fra to ^rq TOj-roifTTO to tototoi 

650cm- 1 TO TOT? ftcTT | 1 TOTO? q 77! sp?f 3P| gqqpqtWfT 5KT TOT | fqroft qfe 
825 ## 3520 cm- 1 TO 51TB apPfftTOT ts'fKT pft | 1 STORf! !<W Mslsb W-q ?°F$TV$ TO%- 
ra^q tort 1 * 1 % appq 1 1 
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TTflo iTg-o grip ycTT OTT 3TRo grb?T5T 


* fTcTTOT-^TFR 

srregrnf I5 gfgsmf $rr gn?r % f%^ str^tr fepr TrfrfgsrRR, ifp^ % 
5TT^TO % smrrCT I I STTW^T *T 3TTF«f^ tffPRT 5RR 35RT |§ trgr %^gr (it^o t ^- 0 537 ) 
f^rfarerreR s*d<H strr gn ^Tt smrrfT f 1 

1 - 2 ^T. tr^-o 5 RT ^ST, 3 {Ro, 3 Ro fftlR %f*To ^falTo, 1974 ; 51, 549 

2 . TOT, TO 0 ^TTo, rRT ^ STRo, 5 Ro ffeR %fao *tRTo, 1974, 57 

769 

3. 5HT, TO° TO 0 TRT ^5T5T, STRo, 3Ro ffeR %f*To Tft^Tfo, 1975, 52 , 642 

4 . 5 ht, too to°, fefl^r, to° ^ir, 3 tr;o, sro ffero %fo 0 sfano, 1976, 53. 

241 

5- 53T, T^TTo XT^o, fof?g7T, txJ=-o ?RT sffclR, STRo, HTfH !*3 gJRR, 1977, 43j 443 
6 5HT, TRo Tig-o, g-sn gTOR, STRo, fcRR qftxp 3F|o qfegrr, 1978, 21 (3), 253 

7. 5HT, xxg-o Txg-o ^R, gf? OT^W, 3TRo, fw?tTn gfrcp ST^o qfsrgrT, 1978, 21 (3) 
261 

8. JR, trrro TO 0 ^ frter, siRo, ferR gfop 3P|o qfegrr, 3977 ^ 2 q ( 3), 223 
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WFTSRTt? fef 

qfora femur, fmR Bfcnn 

[srre— fefRv 7, 1979 ] 

3KM 

str ^ft ^3? w 3) rr 3 T% H-'kbr |§ = *nfR ^rbt I s stib 

gfrcipr # STffg- BRR BWIR t, 3Rf: HpO'll'H % 3 S.-=HI 4TT fapti^eS+vJ! 7T &fW?T 

<55pfr I 5 ?pf «^fer 5 wt ^ fefw b srm # 1 1 

Abstract 

Double series for H-function of two variables-I. By Namprasad Singh, Depart- 
ment of Mathematics, Motilal Vigyan Mahavidyalaya, Bhopal. 

The aim of this paper is to establish a double series relation for the H-function 
of two variables. The resut is of very general character, hence on specializing the 
parameters, this relation yields many known as well as some new results as particular 
cases. 


1 . sreara BT : ft it Rtf brtir ww [2, p.397] % *ft to ott *p- 

[4, P-117] B iifjR JTRTR % if qPmrfqtf fjRT IPiPF [5 & 6] SKI 

3 RR frR smx % SrefBrT PiRT *RT I 1 


0’n’» 1 .i7; 2 »'i2* r?I 3* R 3 
H{y-> -0 Hp lt q l: p 2 g 2: p Z3 q 2 


K 


((GpV a pl'i^pli) m ’(Cpl?7p^ »((^3^ps)? j 

((b^M MdgtfiqM h^qzm 


5ffT 


= (2 tt/)" 


f i(s 9 i)Ws)P4$y*2fdsdt 
h J h 


II — Gj -f- ajiS Aj t ) 

t)= j -^— 

fl F(aj— ajs — Ajt) IJ A 1 — bj—fijs-r Bjl) 

j eB Ui + 1 hi 


(i.i) 


( 1 - 2 ) 
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'TOT 5RJT? t%| 


m 2 712 

n r(dj - Sjs ) n T(\ —cj+yjs) 

. ff r(l-dj+8js ) if r( C j~yjs) 

]~m<£r\ j—n 2+1 


5PIT (1.3) # 0,(t) 7fr snrof % ((^ 3 ,^ 3 )), ((/ ? 3 ,f, 3 )) sht TF^rrfro | 




((Gpi’O-pi-Api)) 5RT {a 1 ',a 1 ,Aj},...,(ap i ,ap 1 ,Ap^), [A,k;(S,^)] 51 •U (hi8,p) t 


H°’ ni \y \ (( a pi’ a pi’-dpi)) 

5KT H{y,z) it f% (1.1) 5RT 'Tft^Tfcr | (pfk %^T n^q^ai^Aibj^Bj^l,..^ 
Pilj= 1 3^ it) *PT ifa ffcTT I 1 




<I/x 2 tt fr zrfi : 


3RT%3Tfwft | Wxgy\<\ H TT, |arg z\ 


pl 91 C 2 n 2 p 2 

fi^Zaj Z aj — Zf3j-j-Z8j — Z 8j-{-Zyj — Z y :> 0 

1 ni+ 1 1 i n; 2 +l 1 J « 2+ i J 


!J} . Pj- - ?1 W23 <73 713 C3 

Pi=ZAj—Z Aj— 2 BfZ Fj—Z F+z Ej ~Z Ej > 0 

1 B l +I 1 1 >713+1 1 nj+1 J 


2. sgsr gnw «T»ft 


y y 

W-o h ! * ! 


xHf 1 ' 3 \ y \ c ~~ h\a,\),(\— t d— h— k:S,v), 

Pl+ J?1+3 L z I ((*?i; W)>0 -c-rf-A-Sfeja+AA + zi), ^ 


1— b—m s 1 - b 


[~ I & % Y’y’n -6- m-n;S,v), 

L- I ((£«uPji,5 ?1 )),(l — c— J— m— «;a+^,A+M), 


1 

l-6-«;(S,v)]j 


^ I ar g J>j<lp,jr— S, |arg z[<-Jp 2 — v. 


(.(aPile-PyApj) Inn 



f If 
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'imfa : 7»RT *5# yu^q (2.1) % WR % feq : 3yq 3iq W *f 3p% ^ ‘qqf 
H-r&tt q?t (i.l) qffir %fer-^T#5r qr*q yyispsr % ?t qqr q &m qqT qror^ 
y^yq % artr qqqq qq, qtfq? feir qq srfaqrsfr % srprt ?Nr t, 1$ fq*q qrq snq 


p_ n -*r f &(s,t)9 1 (s)6 i (t)r(c~as-\i)r(d-8s~m) 
v ~ ; J Li.! L3 r(c~di (a + P)s + (A + n)t)r(b - §5 - Vt) 


X 2 2 (— ■ ™M— ”)x(c- 1 -n^4-At)^(a— — Ss-^-vtV* 

A=o i-o /)!&!(£> 4- Ss 4- y j)a (& — Ss — rt)f.(c — </— (a -^,S)j — (A — /*)t)A-* 

y.fzt ds dt. (2.2) 

qqfqw [l, P. 232 (l.l)] 3TTT 5TTH f%*q : 


2 y ( — m) r (— n)s(£}r(d)s(b)r+s _f g)-i(^)n;( b)m~n 
r ~ 0 *= 0 r\s\(b) r {b) s (c+d) T j. s (b) m (b) a {c~d) m+n 


qj) qrq qrq ( 2 - 2 ) q qsqqtq qr^q qq gqr qrq qq qr =qfi qr% F-qm |q qfcq#ra 
(1.1) q?t q^prar % Fwqqr q^r qq q*q (2.1 qq srffqr qsr qraffar |, frra% qfcqrq fy? 

ffaT | I 


3 . fqftiw qsnq : spjqTq q qq qfeiq ( 2 . 1 ) ^ f^s fftqr PfW'Z 5 HR 

qqq 1 

(i) qqw «fofr (2.1) q j 3 =v =0 qq qrq q?iqq?: fq*q qq?r w y^qq qrq? 

ffaT | : 

Z 2 (~ ffl ) k(-”)* 

A=o a=o /z!/c! 


0,h 1 +1 : 771 2 >«2+ 1 ;*'”3»»3+ 1 [> ! (1 — C — t 

x ^i+Mi+^i+Ms+V^V 3 [z I ((i»j 1 ;j3 3l ,%)),(l-c-t/-/!-/:;a,A-|i): 

(1 — 6 — b — fc,S),((cp 2 ,r jji))')(l ^ &.P ) -H £ p3*Ep3 )) 

((d t , S ?1 )),[l - 6 -ti, 1 _&_fc,( 8 )];(( /gj.Fjs)) 


0,n 1 +l-m 2 > n 2 +l.ffl 3 ,n 3 +l v j ( 1 — C— ?! ;a,A),((a*i,a/ii,^ /i)V. 

H pvrMi^-.P t ^9^‘MMz [z I ((i ? i^ ? i,^i)),(l-c-rf-w-n;a,A-PM): 


(1 _ w! _ « ,S),((c^ f ));(l - <*- 


(3.1) 
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am 5THF? 1%| 


(ii) afe (3.l) ^ A=0 T# cPTT P- it P IKT aaRFafta 7TT at fif yaT ara ataa 
[3, p.69 (2-4)] SKT 5#5TTrr raara 5ITO fiaT | I 

(iii) aHM ^Nt arara (3.1 ) Jf A=S=0 T*a% IT cPTT P it /? sTITT ^WTdKfl qq; 
I*t 3TRT a*ara [3, p.68 (2.1]) fraraT | i 

(iv) ^at srttc; afa n=0 aa|aK fc= 0 it qra (2.1) *f afraa arat 7T fraa rata 
iit arara rara liar | i 


y ( -m)h—- ^ tr °» n i +s f y j (I —c—h;a, A),(l — d;fi,v-),(l— b— /z;S,v), 
Po hi Xti Pi +3 ^ s [z ((b q ^B qi ,B qi )),{\—c—d-h-,a+^,X+p.), 


((ctp 1 , a pi,Ap 1 )) 


o,«i+3 j J, (l-c;a,A),(l-rf-m;j3,^),(l — b-mlS^Xdap^ap^Ap^) 1 

ii Pi+ 3 ,Si+ 3 [ z ((6 w ;jS y i,B 91 )),(l— c— d— m; a -tP,\+iJ-),[l— b— m,\— 6;(S,v)]J 

(3.2) 


(v) srfe raer (3.2) Jr ^=a=v=3=o m ara ft it p Jr araraafra at jranra 
rarar [3, p.7t (3.5)] era tpr stra paTa raara rara frar 1 1 


(vi) ^ft JT7JR rara W rarara (2.1 ) *T j9=„=A=S=0, H 1 =p 1 =^ 1 =n 3 =p 3 =0, 
WJ 3 = ?3 = 1 ,/ 1 = 0 , F t = 1 Tiara 2->0 IT at i^saa: ftqarar % H-rarar 15 [3, p. 7 l ( 3 . 3 )] 
rarar w raraa rara ftar 1 1 


ferr 1 


aro #0 raaraaf ra a?raa srmra | fraffa ^a #sr qra it frai Jr raaaia 

faasr 


1. 7TFf%W, TT^fo, raa, ?Tao ^f?io qatra, 1967, 37 , 230-233 

2. rairar, at®, ai%o si%o ira atraro, 1 961 , 98, 395—429 

3. pi, %<> ra° ara rarar, tTg- 0 it°, saw, 1976, 6, 67-72 

4. fJraar, rao io arajrar, i° ato, srta'to ?frata trio 8T?a, 1972, 75 *?, 117-123 

5. f%i, raramra, frana qf^3F|o 1 977, 20, 385-392 

6. fa?, raw sraia ara rararaar, <fto, spfo a=go ar?a aao, 1978 , 18, 33-42 
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3=nT% <TTFft?for SRTTT % 

% *f 

t^To i^to ^rr 

nfaH ftnrwr, T ra t fa an 

[ sura — fepsr 19, 1973 ] 

sreggr sra it f^RMfecr sws f%3 fer : 

F(w±t)~ /(M»)=(r x (log 1//)"°) s ^f J3 ^f 4 0 

gt S„=0 (log n)~ a 

3ST# f% 0< A< 1 ^PST a^ 5 — 1 


Abstract 

On the degree of approximation to the generating function by its ultraspfeerkal 
expansion on a sphere. By S. S. Rautela, Department of Mathematics, Government 
Degree College, Jaiharikhal (Lansdowne), Garhwal. 

In this paper we shall prove the theorem : 

If F{w±t)-f(w)=(t k (log 1 t)-°) as f-»— 0 

then S n =0 (log n)~ a 


provided that 0 < A < 1 and ajs — 1. 


1. TTFTT fe V>$ l^rtr^ tfpn S if 'KRT 

1 1 w -m* % ¥*53 TOWPI «FT 




Jyt„ w)/(g',< £V<r 

" 2 o { " : A) JJ f Tin=r ^ ’ 


srt sr?f5Rr Prt strit | 

AP 5 


0 < 642 t 7 % ftfit 


(1-1) 



324 


TT*r° tr?To 


cos w=cos 6 cos 0 '-(-sm ti sin 6’ cos ($—$'}. 
sTOT ia'=sin 6’ dd'd$'. 
fnr q^'-wr qr?3r | fq? 

% sThtct q*s qr ?prTqr?r#T ( L ) | 3fk qq^fgqrm qq srg^rq^T qn£ |ir ^y {6 

*nsrft'*r qft fqsq qqqq qfwfcra qr# | " ' 

f (w )=BlMM± A)f W&W 

27rT(A)(sm w) j Cll ,(sin 2 0' sin 2 (<£ — <£'))»/2-X (1.2) 

5fiT qwraqr ?t *TT%- qq ^ q^r % |§ firar sttctt | f^r^r^r | gffc fw 

w I 1 


??T5R?K #tfr (i-i) ftnqt «rr qqqft | 

f{9,j>)^j\j2- ZKji-^-X) f P n (cos w)dw f fft'* fr)ds^ 

n=0 J 0 J c w [sin 2 0 ' sin 2 (0 _^')]i' 2 -\ 

ipT 

^'l M; )=/(wO(sin M') 2 ^- 1 . 


( e ,$) qq snfi- (m) ^ n qf srffw ^ 1 1 

^ srHw srw t sot cmr % fqrq%fer ^ fire fw 1 1 

S^T A 


qfe 


F( w ±f)-F(w)= 0 (f^ log I/O Wfr^ff ,_* + 0 


?fr 


J „=0 (log n) 


0<A<l/2. 


5R^T qqq q fpr fqHmRstf qjt fog qrq% : 

!TO 1 

qfo 


F(w±t)— F(M>)=(rXlog 1 //)—“) 



ttI% t R 'nFTFfnr srerrc 
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5 n = 0 (log n)-» 

■gmf ft? o<a<i mr a>— l 

nf | ft? g^ ?ptt «pt sftnr sm i ft fw ^?tt | ^ mhh % 

wrftra «rcRr Jr a = — l % fat 1 1 


srra | ft? (^i [3], P. 84) 


n (A) 

&(* +A )Pn (cose)=i 


f (A) (A) 1 

(n -2) [ P n (cos 0)-(n4-l)P n+1 (cos 6) j (2 .i) 


(A) «A) 

CC 

1 —cos B 

d r < x > 


3TcT: ( 1. i) % n if ^TFI §n ? 

«i*i « ii *=-" 

= | F(w)L n {w)dw, 

J 0 

ttpt ?fr ft? ??r£r 

nn, r -fr (X) x _<*> , . 11 sin H T dw 

L n{w)= 2F ( 1 / 2 )r(l /2 -A) [dicl Pn+1 ( ' X ^ “ X il x=cos3 

3 . sjq% sftj? svrftr % ftft ftwrftrfcr sucj^+di fftt i 


M+ift'fcf 1 

0 <A <1 cm 0 <fc<A. % ftp? I 
L n (w)= 0 (n* XTl sin w) 
Wft % ftft 5 ^iT [4] ^ I 

sftftsf?T 2 

0<A<1 cWT w— l/n<w<w%ftR 
L„(w)= 0 (n* x sin w) 


(3.1) 


(3.2) 
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Too tT^To ^TT 


sftfepT 3 
*rfe 


a n < 0 ^jr — 1/77, a n >l [n, 

E n srt | 

22 - 2 \ 

A sin A 77 6^ (1/2 - X) (cot vt^-^sin w/ 2 ) 1-2X 


(w—t )- x - 1 ^e iin+ ^+ 1 i 2 )w ~-e iin+x+ 1 , 2 ) ^dt; 


3 T 

X 7J (H?)=£ , )rt 4-0[« x -%“ 1 (sin w)“ x -f-w _:l (sin w)“" x '‘ 1 +n x_1 w~' x (sin w)” 1 
OTTRT % WT [4] 3 # I 

4 

mr 


%<W< 77 _ 1 // 2 5 


/*«= 


cTT 


w-f-A+ 1/2 


Ep m =R[w- x 6 (w)e i{n+ ^ +1 ^ w ] 9 
^ff|? $(w) ^tTT | f% 

^) = 0 (« X ), ${W- 1 -P n )-${W) 


g^rr^ ^if 1 


smfwr 5 

% {%% ^rra 1 f| 1 % 


|(h) ^rr| f% 


G K^H?^ 7 T — 1 In 

L n (w)=R [f(w)H> _X £!(«-A-rl/2)zyJ 

+ 0(/i x - l H’- 1 (siii w)~ ? ')-{-0(n-i(sm w)- x -i) 
+0(n x-1 >v -x (sin w)- 1 

£(w)=0(n x ), i(w - n n ) _ |(w)=0(n x -%-i) 


( 3 . 3 ) 


( 3 - 4 ) 


( 3 . 5 ) 


( 3 . 6 ) 


wifer2^rr M ^)cRf 1 1 
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4 sifel 

3T f% 3T % fRT fel f*T/(P)=/(0)=0 I ^ sm*. pT 'Tit | fa 

S n {w) = ( T F(w)L n (w)dw 
J 0 

= f f° n + r _1W - f T 1 FCwjL^w^w 

L Jo Jew J *r— 1/nJ 

=■/»■!-/.+*«, *n*TT 


5TcT a n =(n) _lsX ■ i ■ 1)/(> '• i ■* , 

sf) 1/2 % | wffa 0<A<1 

tnf sjirferf 1 % fir srra 1 | fa 

fan 

Uai = F(w)L n (wyw 

’ 0 

=0 i n 2 ^ -1 [ M w.H’ x (log 1 jw)- a dw ] 
=0 n 2X+1 I” 1 w x+1 (log 1 Jw)~ a dw j 
=0 jn 2 ^ 1 ^ log i-) ° 1 " >v ? -^.v j 

=0[«—r( Iosif] 

=0(log «)-«. 




|/,| = 1 F(w)L n (w)dw, 

J t — lift 


=0(n* x ) sin w rfw, 

J T-l/« 


=0(1). 

3T?cf if sfafapR 3, 4 cP^T 5 ®JqfcT ^ TK 

rv-ljn . 


,a» 


(4.1) 


( 4 . 2 ) 

( 4 . 3 ) 
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IT^To TTg-o ■^TT 


r r ~-i/n 1 

+0 I | F(H)« x_1 >V“ 1 (sin w)~ x dw ] 

+0 [ f >n F(v^)n- 1 (sin w)~ x - x dw ^ 

L J an j 

+0 ^ j F(w)n Ji_1 H’ -A (sm w)~' x dtv j 
(4.3) % q?r % srfercr #r q? | 

0 |« X-1 j" w x (log 1 Jw)~ a w j ^- 1 dw j+J 1 (sin vt') _x </w' jj 

— 0 J rr 1 | j" w x (log l/w) - “w> -X -'<fw>+ | ^ 1 (sin n>)~ x_1 dw |J 

tO |/z x_1 | f ^ w x (logl/jv)-°w' X-1 Jn>-j- j" (sin w) -1 dw jj 


=0(log ti)-“ 

^ I’T (4.3) if *rTOwr ^jf srenr fcracf | 

1 r (■*- l/n 

2 [ J J?(w)£(w)w~ x ei ( ‘ n+x+i -}^ w dw 


r r ~im-fn 

~ I „„ - F ’( M? +/ i BX5(w+/ i n )( w +f t «) -X e‘ ( " +x+1/2)i0 dw . 

•J 016 flfl I 






2 (^i ^2 d 3 -rJ 4 -~-J s ) g- i 


(an 

/ 1 == J !- F ( M '+^ n )f(M'+^ B )(w+M n )- x | dw. 


-w 

r T -i/fl 

•^ 2 = |F(w)f(lv)vi;- x | dw. 

f - — tin— firt * 


1 T-lln-fin 


r*-l In-Pn 

/ 3 =j an 1^+^)-^)! |^(H- + M n )| (W+pJ-*dw, 

r*-Hn-p.n 

4= .L l^{(^4-/x«)— f(w)| \r(w)\ (w+^dw 


( 4 . 4 ) 



»ft% t R TOmsfFT 5RrR 
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J s = f 1[n /<B |(H’+M n )~ > '-H'- X j jF(w)| ||(w): dw 

J an 

% StRt^-et q^f SWpRiT 5 % 'TftWFT 

^“i ji„ (u,+, ‘* >x ( ,os i 

-°K los i)"”"«] 


crarr 


=0(log n)~ a , 

■ r- m n \ w -\ dw \ 

. } r-iln-iin 1 

=0 (n’V-n) 


J a = 0 


= 0 ( 1 ), 

«V=0 jf*» ^ log « X f as (w-f b )“ x Av I 

=0[(log k)-“] 

/ 4 =0 |n x_1 w -1 w x (log ljw)~ a w- x dw | 

=0 £/z x_1 J H> _1 (log ljw)~ a dw | 
=0[(log n)- a ] 

J 5 =0 w' x - 1 w x (log ljw)~ a n x dw | 

=0[(log n)-“ 


f*T SPFTC TO fl 1 

fHScCMfm 

SfftSFTW 3?T ft-M 1 it 5T° "ft 0 ?T aft ’fT^FRiT 

gif 3?f% ^ BTFRTTt ^ 1 


(4.5) 


(4.6) 


(4.7) 


(4.8) 


(4.9) 


x^s 5?ror hfcf 
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ir*ro q^-o -^rr 


1. | O, J. Math. etem. 1924, 9, 107-187 

2. 5RTr> €fo qto cT?rr ?TT^ft, #to h^To, The Mathematical Student, 1974, XLII 
(1, 2, 3, 4) 373-342 

3- %tft, ofto, Orthogonial Polynomials, American Mathematical Society 
Colloquium Publications, 1939 

4. T c ciT, qto, sfhffto *JT??T, fferr, 1958, A 24, 419-40 
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sfcjRcH TTST 

t**ro stro ?afifaqfRi ^rit, sragr 
[ 5TTCT— 3PTRT 14, 1978 ] 

?TTTRT 

srejs sm f ?m H-jbsr gr% twwHi w m h%wi *ptt 1 1 

ftfc ?51W # ft ’ll f I 


Abstract 

Integrals invoking H-fonctlon-II. By Navratna Rathie, Department of Mathe- 
matics, M. R. Engineering College, Jaipur. 

In this paper some infinite integrals involving" hypergeometric and the H-function 
have been evaluated. Some interesting particular cases have also been given. 


1. 5T*dWn 


qnW [11 gTCT ^TqHd fosT 5p£TT % qfwfet fiRT OT 


H 


y\z i <?/#v 


Ill Si 

II F(hj - 8js) n — aj-rajs) 


=(2 iri)- 


: s ds 


( 1 . 1 ) 


n ixi-bj+fys) n naj-ajs) 

j-fflrl j^S-rl 


fra; ^uw'bst ^ ’Tftt ^raT o^n^p; aj(j — l,...,p) ^ £j(j— 1»— , 

•q) *mt vim* mw* I; a/(j=i,...,p) cwr b,(j=i,... ; q) w |; ^ 

AP 6 
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^RTc’T TT5t 


spfk 3>t gqp; | fe r(bj— j3jS)G= l, . . ,m) % *nrc?r 'ifeifeg*: % ^T%fr sftr 
mr r(i-a J -a J s)(j=i,...,n) % 3*r% sftr qf i 

W regffl ' V t 8 ! q- feu | ftr (1.1 ) % ?f9Fr T?f OTT^T 'R’T srf^RrnCt | sra e>& 
CRT [arg z]<fe/2, 

9Tff 

n P m q 

6=1 7 a,— Z aj+Z Pj- Z pj (1.2) 

j-l j-n+l j=l j -m+1 


H-tf>5R % ^fnft stfrcr tt# ^ncr^ff yf f^RT snwrT w % gt | i 

grr H-q^nr % fa Hi fed 5®r siTw^rr ffet 


H 


p,g 



={2v y-*N b - a H 


m+N-1 n+N-l 
p+N-lq+N-1 



a-JSfP 


A[(^^),a.],(aj,aj) 2 , p ] 

AimMjtfjM 


SnTe^ yro? I ?rqT 


2 . 


&Wa),a]=(§,« )• 


'a-f- 1 \ ■ fa+N—l 

cw ,a r>\ ~n 


a ). 


g^t qfrwm 

*nrsr«nr ftr fentfer qfaomfi fes ;r% 


(1.3) 


f * t^(l+t)-^+(l +0 1 '' Wi ( a ,p; 2A; T l - ^^ - fT7 ,) dt (2.1) 

= ,M xiMzhW±lzf^) 

A^t A — R — oOAi - ^"^ — P' — /?) 


^ i?e(A)>0. i?e(i— A — /x)>0, Re(2X- a - P)>0. 

( f : x ~i(l +/)rw*[* 1 »*+(l +*) 1 «pA t F 1 ( < g8;j_ A-f*;pi» + (1 +t)V*]-*)dt 


_3i-s X A2A)/*(^— A— /x)r(|+A— ju.— a — 5) 

Ai+A — M— a)r(J+A -/i— j8) 
^ i?e(A)>0, Jte(*-A-/0>0, _Re(§_ A-/t-a-)8)>0. 


( 2 . 2 > 


(2.3) 



H-itttr]r| e(|$| -II 
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_ 2 i- ^(2A)r( y )r(j-A- M )r( y - «-2 a> 

r<y-a)r { y -2A )r(i +A — /i) 

^ 1 T i?e(A)>0, A-^)>0, Re(y+n-\- a — £)>0. 

j o +/) 1 '*] 2 / i ! F 1 (a J |+ X-WltW+il + tyi^dt (2.4) 

__2l - 2 X — A — M)f (y — a-j-A-f- P- — i ) 

/(y— a)J(^+A— /i)r(y-j-A — fi — |) 

^ i?<’(A)>0, i?e(^-A-/x)>0, jRe(y-a-A+ A t-|)>0. 


(2-1 ) % nffe % ’55FT 33T Tig; s## % ^ if =7x33 qnft f, 

srk it# ?fenr % qrr i *rf srri^' (o, co ) if #jfr %■ i^-hh srfere’jr 

% wi fn |, 5ncr l3» p- 17] g^raaT *r nnraw qn *tpt fepwtt | sfk aw «rferf qtr 

5frf^ | xfT sfrxr ®r qferm (2-1) nra fraT 1 1 

(2-2), (2-3) <t®f (2-4) ^ OT-iRiaf ^ snw. qr fepfef qn "sit spp#) 1 1 
Svid 7q=r # fenfefer *wWr qn i[5nfeT fen ipn f 1 


sran nRT7;n 


r rA-i ( i + r)-i/2 [rl /2 +(1+011 2 ]2 p 8Fi(a)j g. 4 _ A _ M . [/1(iv(1 _ t) i* r . ) {2 . 5 ) 

XfJ; , [:!T ! +( 1+!) 1s ]-’ [bTihi] dt 

. rn 12+ 2 r 

=2 i-2Xra-A-«) h p :^]z 2- 


(1 -2A,a);(i - A-^ji Ta-r£ff),'a./V»jW 1 
(^/>£/)l>?>(l -- A - M — a,o-),(| -A — P — 3 ,ct) j 


i?e^A+or/2| ; J>0,/=l,...,7w, .fe(|— A— P)>0, 7?e(i— A-/x-a-j3)>0, a>O,0>O, 

O77 

\arg z\< , 7f|f 0 %r | tnr f% (1.2) it 1 

%ffe H'* T T4H 

1“ » ,k - 1 (l+O- 1 ^ l '*+(i+0 1 ' , )*' , ,r, (a,j8;2A; 


( 2 . 6 ) 


X bJJ [*«*+(! +' wi[ggfe] * 
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<13 ■W <\ 6 \ 


==2 1 “ 2 \T(2A) H, 


m>n+ 2 


p+2,q-r 2 


{bj 9 Pj)i9q 3 (i — A + M + a j°')>(i““^ + / A +&°‘)J 


Re(X)>0, Re(2X-a-p)>0, Re^X+^-a^j <i 7=1.— » m > CT >°> 0 >O» |««| < 

■j- 0 fr | %t (i. 2 ) *r i 


3cfat OTTO 

r® ,« 0 _ / - , . 2/ 1/2 \ 

I t x ~\l + t)- 1S2 [P t2 + (l + ty^PzFi ^a 5 *2+A — At 5 y 5 

( a j> a j)i>p 


( 2 . 1 } 


XH, 


21-^ F(y) m+2 > n-fl 

T#; 


A? 


z 2" 


z/n/ 1/2 + (l +0 1 ^ | 

( 1 - 2A,a),(aj ,aj) lip >(y - 2A,a) 1 

(y — a - 2 A,ct) 5 (^ — A — V>,o),(bjfij) l9q \ 


“ r(y-a)r(i+ A- pi) 

Re (y — a — - A — u) > 4, Re f A+cr/2 >0, i=l T ...m, Re ^A4-/x+a-2— ^ <i,J= 
07 r 


1 ,...,71, CT>0, 0>o, Jarg Zi < y , 0 %T ^ I %T (1.2) *f 1 


f* / x -vi4-r)- 1|2 [r 1/2 +(l4-f) 1/2 ] 2 ^ 2 ^i( a J2+A- ^^^^^-(l + r) 1 / 2 ]- 2 ) 

J o 

X <i”[ 2 («■[<■'■+(! +<)■'■]" I $•$}*! * 

’ 2 - 1 —£^Zl m+l : n +2 | 2 _<r I (1— 2A,a),(|+a— y— A— y.,cr),{aj,aj\,p 1 ,, g\ 

- r(A-a)A^A-/*) [ I (i - A - H,°),(bj,pj) L , q >Q - 7 - A - M.cr) J^- 8> 

Re(y— a-\+n)>i. Re ^A+ct/ 2 >0, j = l,...,m. 


ite^A-r^-f-crSL— 1 ^ <A,_/=1,.. , h,ct> 0, 0>O, ]ar^ z| 


07T 


5ffT 0 t«T ft | tfTT (1.2) *T I 

OTTffWT 


(2.5) fes % fi# 3 T*r <rer 5 pt I % sifter *R?r H-ce^r frfiR-gTfer 

OTTT^r % 'T?f ?r oJTtB | ^ % 3R 3?f ^5Rct f> 3JTC spf«R Srf^TST^sff % 3RT- 

% | wffe irfeR if jjtcrt 3 rfw<t f, eft fif (2.9) sito ffaT 1 1 



H-^wr stt% snnw-ll 
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= (2-rri)— 1 f — 
J L / 


JT r (bj-Pjs) IT F(l — aj-j- cljs) 


n r(i — bj -j- fij s') n F(o,j — ajs) 

j=m+ 1 i == «+ 1 


(2-9) 


x 


|J“^ + a,2 S -l ( 1 + r )-x/2[ f l/2 +(1 + ,)m]2(M-w/2) 2 F 1 (a,p;|-A-M;[f 1,2 +(l + f) i;2 ]- S )*} 


sra mPc^iixt (2.2) # tffprar lr 3u^r<%' otm hth srra fpr ^ (l-l) 

# gfnrar t s^n^n ^ srt *r ft qfwr (2.5) *pt srira fra) 1 1 

HR % (2-6), (2-7) ct*TT (2-8) SFT5T: (2-l), (2-3) ^ (2-4) *rfwff 

^tpfra srrra Pptt «rr H^rar 1 1 


3 . ssm? 

(i) ( 2 . 5 )t a 1 =J-X 4 fx 4 - a , a 2 =i-A-fM+A“i=“ 2 = CT ^ 

Pi^kifod Ri-tfM u ! srrra ffaT ^ ! 


J” r^l+O-^P^+Cl +O li2 F*F 1 (a,jS;* - A- Kpitt+O + O 1 *]-*) 

XHp’q^Z t cli [t llz ~(l -rt) Vi \- a | a,a),(i — A 4 -ti-^,CT),(a i -,aj) s , /l | ^ 

=2^r(k-X -AH™;* f 2 2~ a ] (3.1) 

i?e(J — A — ja)> 0, 7?e(A-j-fi-j-a-i-jS)<-!, Re f A — a/2 -g^ >0, j=l,-.-,jn, ct>0, $>0, 

. . <f>TT 

\arg z j < -j- , 5TfT 


n p 

<f> = 2c 7 -j- 2J aj — 2? aj -f 

j=3 j*»7l+l 






Si. 


(ii) (3-1) H m=<r=l, «=p=g= 2, 6 X =0, 6 s =l-a, &=&= 1 ^ ^ lRu|W 
5, P. 437] SfcS *R f*T 

f“ f x-i(i + f)-i/2[fi/2 + (l 4-/)i/2]2i‘ i jF 1 (a,i3;|- A-ix;Ii li2 (l +0 1 *] - *) ( 3 - 2 ) 

' 0 

/ z Z 1 2 \ 

a,|-rA— ft— ^ 
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TtSt 


_ 2 - a- p)r(i .\)rg + a - g - a - p 

P(^-j-A — /i — a)r , (|- + A — — fi) 


x 2 ^i( 2 A,-|-f-A — ix — -a — /3;a; — £ 


5TRT ^tT | ar^t J?e(A)>0,i?e(J— A — jU. — a— j6)>0, i?e(|-A-«)>0, |argz| <«•. 

(iii) (3-l) ^ <t= i, w =«=^=^=2A=0A=i-A+^ WT OTT qfw*T [6,p-737, 

Eq. (3-2)], 3<pmr qr 

f fX " 3(I ■f0' 1,i [* 1/2 + (l + 0 1/2 ]' u 2 E 1 ^a,jS;i-A-/u;[ri/2+(l+0 1,2 ]“ 2 ) (3.3) 

v F f-A — At. — jS z r 1 ' 2 \ 

2 1 l|+A— ft — a — 13 /1/2 _j_( 1 + /)l/2,) dt 

=r^: 2X A' 2 ^)E(i -a-j3)r( ^-A-M)r(^+A -t /t )ra+A-M-g-a)m-i-A-i*- a -g) 
T(! - a)r(l -j8)/ , (§i-A-/i-a)J T ( £ + A— ft— j8)r(l +2A— a -j5) 


X/i ^2A, J+A— m— a— j3;l+2A— a— jS;l— 

^ *«A)>0, Rety A— fi )>0 , J? e(i _A- /t _ a _ J 8)>0, 2?e(*-A+fO>0, | arg 2 | < 2w . 

(iv) (2-7) t a«0,/*==A-i, m=?=2,i*=0,p=l, a 1= I a=l, i 1= J +7M} 

2 T 2 “’“*-&=&= i ^ «rc, 2A % **tr fe qftwR Up- 43s] qitsratE 

^ <tt f^FC TR5PT % ft* ^TR^T ftww 5TTO f^T | : 

j „ , = *»fn,„(z[,+V«+<s)]) *. 


^(i+*±»i)>0, jafg- z[ <7r /2. 

r 4 L! i. 2 " 7 ^jrT =S?=s2 V ,,:=/, r 0 ’ Z ’ l=I '’ * 2= ~‘'’ CT=1 > A=As = 1 ^g% ^PTI qftouqr 
[4, p- 434 &. p. 439], qq- spmr ^ 


}' 4-<)--[/»+ (l +I)'»l>- 1 F 1 („, i+A -„« 


2/ 112 \ 

l_At,7 ’ ^'2-|_( l+/ )l, 2 J 

x K 2 v ( 2 \ / ( z[t -f \/ -j_ t^y$)dt 



h-srpt tt# w^r-H 
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_ z^rjy) r( y_«,i+A-#t,2A+v,2A-r, y ;|) 

_ r(y-a)r(H A -^) V " 2 ' 


i?e(A±v/2)>0, I arg z| <*. 

(vi) (2-8) a= 1, m=n—p=q=\, fl 1 =3/2— y— A— p, b r =0, a 1 =fii=l 

gm qftorpr [6, p. 737] tt spfPr 

J" r x-i(i +f)-i/ 2 [(i/ 2 +(i +r)i/2p[l +z(t+ VO -T- r2 ))l 1 ' 2_r-X-,i < 3 4 5 - 6 ) 


2 1 ~ 2?v r(y) r(2A)r(y-f-A-M-a-i 

r(y + A +fi — |)T( 2 A + y — a) 

XjF^ 2A,y+A+/x— a— £;2A+y— a;l — ^ 


i?e(A)>0, Fe(y)>0, i?e(y— a— A-r/i-4)>0, \arg zj <tt. 

(vii) (2-7) *3*IT (2-8) t a=0, aj= ft j— 1> 17 ^ ^ ^ 5^ 

( 1 . 3 ) cpx spftn <rc # *r#Tr tt ?rra qfwir [5, p- 349, Eq. (9)] srra pit 1 1 

$<T 5 TtTT- 5 rFT^ 

3Fg?FT STWW TT 3TTfe> T ^ 5P5T ST 0 
qsnrespT % srptrro 1 1 


1. 'fiFRT, '3To, £T5Io 3T?To HtHTo, 1961, 98, 395-429 

2. f l'W n, sft° ito Compos. Math, 1963, 15> 239-341 

3. ^TPr 1, i^fipp STO, 1966 

4. t[° ^ttTfe Tables of Integral Transforms, 3FT II, %T5Tlff?f, ^T, 1954 

5. 3IKO %o, sffcfto %f«Jo f<KHTo mm°, 1963, 59, 347-50 

6. 5Frf, To *fto, Sfrato ipiTo %^o FTfF ifehT, 1964, 30 (6), 736-42 
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«fto STTTo TTflret TOTOT TOTRo tfto 
TTOTTOTO filTOR, fTOTftTOTTO fsKTOfTOaTTOTO, fTOT^TTOTro 

[TORT — fTOTORT 10, 1979] 

Htmi 

fprofroro 33 f tjv?r=T % frofroR otrti tot wto tot% toNt tort tor; is s'i tot tototo 

353ft TO? roftTORTOT TO? TO# I 1 5R^5T TOR TO W TOfTOT % fojT STOR TOTOT fTOTOTO TOTOTO? if 
TOTTOfTOTOTO fTOTOTO TO5R roRTOTO TOT TOT q I 


Abstract 

Binding energy of heavy metal halides. By B. R. Chaturvedi and R. P. Pandey, 
Department of Chemistry, University of Allahabad, Allahabad. 

The binding energy of fourteen heavy metal halides has been computed 
using different forms of potential energy function. The present paper deals that 
Gussian potential is best among all the potentials used for this purpose. 

#£R 33? TO TOTORTcTOTO fTOTOTRT TOTTOT TOfeTO TO# f 1 TOfTOTOTOTO % TO^TORtTO? TOR TO 

sgcTOTO TOTcT TOR TO? I TOTOT i? TOKI TORJ ^<?i I I TO? TOTOTO 33? TO rofTTOTO’RT TOR TO fTOTTOR 

TOR fro# TOT =|TO f , tor; To TOTCt TOT 5 |TOTRT TO TOTOTTO 3TTOPTOT TO sTO TOTOTO 33T % TOR TO 

TO|TO TOTO TOR TOR | I TOTOfTO TOTOTO TOT TOTR [li TO TOR TOTOTO TO TOf fTOTOR TOTOTO fTOTOTO j? fro 

to Id to t frororo tot tototottoN? totototto TORTO-grot tot tofftot to f+Irod rofer f, tftototo: to?[ 

cp? f^TOR % froRTOTO (minima) % froTOTO TOTO TO tTO TOff TO? TTO TOTTOTO-^TOT TOTO TOfTOTOTOTO TOR 
| 1 fTTO TO [2] TOJaff % 3 TOTOTO? (energetics) TOT qf-TOfRT TOR TO TTOTO TOR TORPTRR 
•fTOTOTO TOTO TOT TOT SR?TO fTOTOT TOTOT | 3 fk TOTO? TOfTO ft TOR TO ftr^-TOTOT I3] TORT trro TOTORTOTO 

srtPto fTOTOT frororo froroT totot 1 1 srpgro tor to ro?ro| TOfcrogTO tot^ Itorto to rororo 33? tot 

mRtoTORI frofTOR SfTOR % #TO fc TOR 43 [4] , TOR-TOTOT [5] , TOTTOfTOTOTO TOT TOTOTOTO-tpTOT l *l, qtro 
AP 7 
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snTo am stk° qto TTitir 

■* n' 'iT^f-fa%C i ^ fsr^-swf^, sr^ifp^r fipn f^r^t % ^pt^trit q>r ittpt 4><=t> q<Ti 
| sfk ?r*ft fetpff qrr m i <?qf<^ ^-hi'w 5 ? *ptt 1 1 

tf ** ♦ ■ 

RT«TrT 

gfajaff # ^PT 3R? ^5cPR % 3MWT % ^ fcR %3RT f^TTa-FT % ^>1^1 

ftat | i r^Pff^ r spptc % sirtfr^r fen farre % ?ptto ar^F^r s*Rr f^r srfk sreftra f^r 
^rr *prT |— 


£ 2 b 

U(r)=- e T - D - 

(arr?f-#%) 

(1) 

U(r)=- e -+B exp' —■—) 
r \ P ' 

(crH-^rR:) 

(2) 

U(r)= — e ~~P exp (— kr* ) 

*rr?fcpR) 

(3) 

U(r)=-~-i r k 1 exp (-.Pir 3 ' 2 ) 

(qlR-nm-fe^CT) 

(4) 

*7( r )= — — +— e _Xr 

r r 

(3*0 

(5) 

U{r)=-j-+~r™ P (-V 2 ) 


(6> 


«tfT 7T 5T^F #%CT 3mT-3mT 3FR TM& I I fapT=T ST^PR qftf^TfOTT if qftspfaRr frqr 
m *PRt 1 1 



r ,=0 

=r c —k e 


(«n?r fcRpp) 


^T r e SRT^stq- ffT | I 

«r«r (Di) r?t *r*«psr srt *tt srrtt | i 


( 7 ) 

( 8 ) 


Di=-U(r e ) 



?rrfr srg 
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.fro sttco Rqfr ?r«rr 3 ttt° qf° qr^r 

^Rtffi RteR ^ftr rtrot 1 ?r 6 % snr Rf U % rt qq stFctrtr r%- 

Di qrr rt str-str srm r: Rrr 1 1 rpt sr? rtiIrt tr ht srr^^f rt fq- frr^r 

R)R*r 5RT ITcT R ?R^T | 1 

Di= — De+I—E (10V 

De fefrfsra' 3 rt, I stprt finre rt e ?%fRr-spj err | sjk rt if 
Rn?r: tR tR Tfs5r [u:! , %ft tl2] rt =nf%q TTsf %% [l3] % ^wf ?r stth f^nrr rt 1 1 

Tft’JTFT rT«TT fet>5RT 

rNt l *f str 3rtt r qfR>RTT % Irtt srnrsR qsff srf^% r% 

?5Tft R | 1 Mr RR % f^PR qRTT (Rf^RT 1-6) TT qft^f5R 5TSPT 3Rf (Di) % 
Rtt R R ROTt 1 if ft SRTT RT | I STlRT^t f=TR % RUT TT RPT Ssrf % 

R7 sfte fs% srrarfRr rt if srftw fRR o - 9 ?r 16‘9 r? | rr Rf-itR f=rR % rt 
% qfRjfRcr Di % rt q- ^gr% srratfR rt if fRRr 0-7 ^r ig i srfercr 1 1 w strc 
RT-RT {%r Rf4pi fw % $r «fkr to 1 1 R?firR (rpsort-^rtt) f^R §■ 
qfRrfRcr #SFT SR, SRTfR Di % RT # §<RT if — 0‘9% TT 14*6% RT f^rfR ftff 
| Rl% RRTfcr RiMR (qCT-qfRT-fR'?f) fifR if qfRrfRT Di % RT R < R R 
— 0-5 afh: 15*8% % I I fq-R RT RfqfR f%f-Rf fR=T qff TTfTRT 

% qR+Rlfl ^R Rf % RT RfFT^J Di RT ir R5T: 0 SrfRTcT if 16-2 5Tl%R RT 
— 0*8% 15*6% % fRR 57% | 1 TTKWT 1 % qfpT srsJjR % Rr RT3T f f% 
^rrafirR f^R % qfefR ^r r? m sffer f?w 7*5% | r f% r f%Rf ^ 

^R 57^f % sfiR fRRT % R f 1 qT^iR fqR % ^qjffr ^ qf^Rl'T qff qf #R 
Rf % RT 3R SIRT SfR RfffR R?T SWI %■ RBF fqR f I ^q<SJ sjftcTT f % 

»TRfeR f%R qRT SR Rf fR-WT qff SIRT ^C5R | | 

fr?T5mT-?rm 

%tPpp r sfhfffjR) sf^Rr qfor^ r f%R%?rTR st^r stirt qff si^rt % 1r 
SRF; cJRo =q5Rf RT 3)Ko <ffo rr §ttt 3fT?TR srr f%JTT RTT I I 5To %o €fo 

R>i*r % r % ?nq srmiff | r Rif % ttitr t *rfrRr qft i 

ffri?T 


1. R*r, fo STRo RT sffo sjf o , ^To sRo Psfgjo, 19^7, 20, 516. 
2- 3TJT, %o qfa, 3TOo ftRo qRfRT, 1975, ^48, 419- 
3 . f%f, TTo %o RT ^ irjfo Ro, Ro ft^To RtT 


o 5TTRT, 1978, 44, 191. 





343 


4. mm, gmo mm g°, mf^t® ^m°, fafa® mr®, 1918, 20, 210. 

5. mm, Pm® cPSTT im, %® fo, 3pfo fafa®, 1932, 75, 1. 

6. msifm, mf® Tfo mm g^mr, mr® mr®, ®rmo %fm® fqjfm®, 1961, 35, 582. 

7. q£m, gm® gq-o, mtamr, mto mto mmfmmmt, giro it®, ffe® *tmo fmftr®, 1967, 
41, 235- 

8- 5^t, (f°) sm, ffo® mm® 'iftr mm® fmfir®, 1977, 15, 387- 

9. *fto gmo mm mf%mr, gm° ml®, fmm® mmo, 1 963, 8, 1429- 

10. mrp, m® %® mm f%f, gmo mr®, fen» mm®, 1957, is, 1299. 

11. ikm, gm° g® mm msm, gmo, f'sfmo 1958> 109, 1572. 

12. trnt, m° 5fr®, The typical elements. Penguin England ? 1972. 

13. m?%m, tteto gmo mm %si*r, %®, mm® %fm® firfm®, 1973, 58, 3244. 
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t7^fo ITo f^jarR 5TT3Wt cHTT STTTo spfaR* 

TO Sral*WIMT, nfefT TOTS, +ftTO 

[ 5tTO-5mfT, 10, 1980 ] 


RTTOfI 


sfafemf if diwin^ Sf#r^ % TOS ^t'iqTWt- % 2 :\ 

?ff^T STOTT |, ttfT fe TOIWPJSST SPJTOTS TOT TOPfr % 5TTcT ?TcTT $_ I ^ ST 

iff ^TTTOT StSvcE ■A'tSRI SITT TO l 


Abstract 

Tolbutamide-cupric chloride complex. By S. A. Iqbal and R. Kaushal , 
Chemical Laboratories, Saifia College, Bhopal. 

Tolbutamide (Restinon), an oral antidiabetic agent, forms 2:1 complex with 
cupric chloride in alcoholic solutions as indicated by conductometric measurements 
and analytical data. Structure assigned to the complex is supported by I-R. spectr- 
ral bands. 

TOTSfTOTTfS (I) fl-^TO-3- (^TTiTTOT TOElfTO) sfcTTl fTfTt- 

toiMprt 'ttot |, sfr sforr m ferfgwrfqs ^fror 1 1 


o 



(I) 

*3TSS>TST THU 5TFTOPP, $le"K *T 5T§p3f, FSk 1 
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ito 3tr° qfter 

1J5PP OTT ^Tglfqw f5Fpq>T traps’ ¥7 srf?r if SffRT ffar 1 1 

Bf5I ^T 

(sr) STi* dMe+il-Hi^s 0'005M 9«fT 4^f5T4" W) <Tf^ O.OlM % TTr^Ri' f %?pi ;r gQ<y 
^?n5r if ^mr ft i iftfire? % 20 fwr tpr fwr?r ft 200 ft?ft epp ?rg fogj ^ 

Wtl ' 1 ' ^f?ft^r?T % «JT? ^I«i+di cWT tfrR=i+ STRcPT % «ffa STOP ^Nt itOT 5ft 2:1 f %f|v g g™ 
*nf?r ^r <jfc: qR?rT 1 1 

(g) ^ ft ^rg; firfsr grrr ?q^ft 3RZRfff *f «ff 2:1 
4^1 i ll^e 4>) §P-<i fOdl ^ I 4^1 d4 <^H f^fsr^ qq f%tJT «fT I 

folftsR cR?T fw?%^ 

^i+Tif dwsrnuv 1-48 ?rw w wfsre ^rpr 0.42 wt ft ?ir^rtr 
p+msh if sr^-Hm^r tfcrr w 1 fmz f^m ft #5Rf feftefr ^ |tr fa^ntn^ 

5^ 8POT- 'T smr |3IT 5ft 5^T ^ CR fip^ cR 1RT ! SflH *fr?T ?t 

^ H=f1 ' ^ sra forr *ptt i sttrt 0.85 1 *prt 1330 ifo <r srirfer 

ff RTcTT | I 

^t<r fotnmr arravtMr wm ferr w 1 ^tti^pt ^ ^5^ f%fa gm 

fen w ftrerir ;pfRr 3ii4K<i!dff Tr^r firspir [2 , 3] snfPr ^ rtct *rcr i 

if Cu 10.91 %,^t N 9.17% ^qf^rl 5T^f%(C 12 H 17 N 2 o s S) 2 Gu if fegg- 
Cu 10.55% OTT Ng.31% OTfog fRT ^rffiT | 




OTdrE ftftm % 3TTSTTC TT #R *PRT 2:1 qft ffT ^ RF (II) £RT 

f^Pra ferr w wzm i*-n %- ^ ^ | , 



(II) 

__ ^ (II) % ***** ™ ^ ferr i ^^tt(ii) ft 5^ grg^ ft. 

^WT-Tftftfti^ SO.-NH ^ w arnm tv 3080 J- 40 cm-: qr cm>G=N 
R^^r mmm t^r I685i 5 cm-i <R 5TT8 |3TT I c-o sraH (Stretch) l 6 60± 
*0 cm-i a-tfi 1 105+5 cm- 1 <r 5TTH |f | 



'wkfpr 
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SPRT HPT RTTfaR (Log K) 4 - 3» cTSp'R TJtfi 3^f TR^cRT ( AF) — 5-9 
Mld*n«r 5n?r fefT *rtt i 


^crscTT-irm 

5RR %5sRP sftspPR t 3nf«RT HlFTcfT |§ ^o^o^to Rf foRT 4R STTURT | 1 RT ft 
wtsRPRf ?r gfdsrw srem ^r % fat tferr spr? % in4Tt t^r sn^iw irot^to 
^TR % ’ft aTT¥TRt | I 

fat* 

1. RR, tT^Tofo <RT TRgRR , 3TRo tt°, 3Ro 3Rt° %fa° fa*To, 1949, 71, 912 
•2. RTR “Standard Methodsof Chemical Analysis” HRS?, I960, 7^5 634 
3. 4tf«R 3RTOB, t%RT, 1968, 15, 559 

4- ^ffafR, 3 TRo ott S*4R 4Rm, quo TT 0) 3 Ro fRR 1978, 11, 4-6 

5 . 3 trt, 44 *t, t° t^Ro #rto (ifafanT), 1962,71 , 13 

6. TFt, %o %o <RT *t?R, 3TRo, Ro 3TRTo %fao, 1966, 32, 94 

7 . 43 , 441 , %o %o ?RT 3 TRo, fTH 4 HRo faRf 4 *R 4 , 1973 , 2 , 49 
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cRT 5TTT srfsrsfaR 

%o mr, gr am? mrr ?To q*o 

angagrK thfr arg*mt, 
g fegga p 3#B «PTKH %f 

[ 5TTB — ^TTf 27, 1979 ] 

TO 

gfjfira' 3T=PT (treatment) ir fa%T srf^ ^3% |%, 3?f sfhfrf^ STO- 

fsref ■w ’ & m snq-Hf^ sn^r ftwr % fcrar sreraisra 93x4, 'F-miraj ^ttxer- 
% snmr w\ qrr st^xor f%irr w | i srfsrsf^T^T £Eiii^fa+: 3n??fm to 

cp^cTT | I cTTT % W? qrr 3JSJTIPT felT tPTt | sfft StftrefttpJT =£1 mrf^PTOT 3«TOf ^TOrTT 

nf | i #fr fr (system) spm qirfe ^r sra’ife^t m at^+r<«i 3rxcr | i 

Abstract 

Oxalic acid adsorption by fly ash & wollastonite. By Kamal K. Iain, Gur Prasad 
and V. N. Singh. Applied Chemistry Section, Institute of Technology, Banaras Hindu 
University, Varanasi. 

The feasibily of using unconventional materials like fly ash and wollastonite for 
the removal of oxalic acid, which is present in several industrial wastes, has been 
investigated in view of the high cost involved in activated carbon treatment. The 
effect of temperature has been studied and the isosteric heats of adsorption calculated. 
Both the systems follow a first order kinetics. 

arfefrSpF srrfcTEST n wit % sfefefl srftr^ fpf | fef feu ^fer * 

^rfeff ^ fen | \ qfe ft m stuft f i ^ fe <gfe qr 

*rffet f, skt: nnt^n qtffeu-%Tfe£i % fen fern ^rm tt f sfh: 
sjcpK fefe^r ^mf ?r feqfer ^fe srqfeu % qn snq^^dr qfflt f i srqfe^-^rarnn 



350 


qnRT %0 %T, 3T 5RTK CRT fe PRo % 

% fen SHfed 5Rnff if fea°M4T cTOT fercfefe %?ff % fen srfenfeT nnf fe nqgxfi qnkr 

ft?TT | I 

IRpT BJSnnn t, 5mfen xRT jf^T •Hf^pTct qfer «Ft feSR: nfe 3Tfefe TSTT^r 
xWT n H ^ fe TR E SRT nfenfet qfe ^T SnTn f%^TT W | I mfe fesfef #ff *T JTT9 3tq- 

fesn % ^7 if Wl# % feflTin (disposal) qn fefR ^mT^TT STTcft | nfefer^j 

tow if srfq nrer if qrnr nm 1 1 n?gn nsnqnr qff nferfe amr % fn*qrran nq? |f 
ntfe W W | nr qms-gfel 3nTRn [1] STqfe 5Tfe [2] cRT % cfe-nfe [3] 3nfe ir 
stt^t arnfe^T qn nnnn 1 1 ^ nt^ nrffcmn if nf qmT mm | C4] i rnffn qnfen ir 
^fef ^ fefern sPlffe *TFSxTT Hefeif % fen % fen ^TTcW nf nf t [5] I 

ST^TTfe? 

qn mjnT, #tgg fg: fe gfeffefr, nmnn *[fefet % 5 M fern ir fenr 
nnr nr rnrfe nfewmxd nr n^nr nnn qfen nrfe fefefe ^ngn n srem fen i 3 jg>. 
srrc qff rfefe % ffer q msfe % n*jn qff qnfT ir wt nrn fe nfefeRg- qff fe ^r if 
nfe fen nm f rnrp 3 TBPR if 5 ra?B mjn qn nren qm mra 49 niffe m i fn fenfepf 
nr nrainfe nfen nfef l if fen mn 1 1 

nfefeqn (qnfefe nm nfefeRn) % i -o nm q^f srenK nfetfe nfeii if nffer 
irnsm ?rn (o*iM ir O'OiM) srrqtfeq? snn fenn % fnferarrnnnn (mntfeqr strt 
wi^i fein % fen so ml rmr mqtfeqr mnr/nfefeTiH: fern % fe^ 100 ml) if 
ffewr nm sfk ^n-fefea nm (25, 35 mn 45 C C) qn ^mr *\m i nnnTn^nT mn% 
qnm^, arfens sn if srfeffe' srrn ^r nmr njnmf fefn nmr srmfecr nt nf fe qnnR- 
ffe ^TfnfeT 

log x/m=log k p +j^ log c 

qft tam qfi nrn 3 nfe nr #r nf fe nfefrn nq ^ qnn'Rfen finfef k F nm l/n % nrnr 
qn wi =fr n| t 

nfen srsmn nf 25 + 0 * 5 ^ qn fer n% i ?nff srqfef if nfwfep fenn'n n^ 
« nn i 

nferm afe fel’araT 

ffer l fe 2 if fnffe nrqf % 3 mn:ra' qn mm: qnr^n nnr nfer fe r^n irt fferrfe 
gmtffe 35 T?r ^f nrar jfefer # nt 1 1 m nfe^f ^ nf fr? srmr f f% qnfen % fe^ 








snratfsnp spjft arfasrt'pr 
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aaT cH^d r % ^aq> |, q?t »rw »rt 3fk aK«fY 2 t fen* tot 1 1 arq* % a?Jf % srfer- 
srtror 5nrcrr tot 5foraT #ff q?t ft tot ftaT qwr tot 1 1 

qrouafaq; 3nw>nf sro jftfro an ^rarafan stfroTro *r froaT q^r to qaf toM 
toft to^t f , for tft, arfrofro aniTO % 5nn % arfeim to sr^fa % sot *f ^ am- 

Rf+ TOT%T Hla flat f I stfrolTO q>t \jU(i<iff (Isosteric heats) =pf »{TOT log c 

TOW l/T % 3n%^ % S^fTjff (slope) % JTf 1 STFa tTHT qft *TTTOt 3 5f fTOT TOT f I 3Pft- 
fTOP faTOn % (TO srfqsfttR aTOW ^0Uc*HT fraT f fTO% TOf%a fiat f fe 

qf sttot awrro'Tr f ark arq; % aaT a ^a qa ai^r sara Jiff qaaT f stain ark foTOa % 

’^aro fnrcta aff f i 


l 

Tdl^Ua aaT TO TWFfRq? TOTO 


toto* 

'ftt^t % 

aia?2rw % 

SiO t 

55-84 

45-51 

ai 2 o 3 

24*96 

Max. 0*5 

Pe 2 0 3 

1*87 

Max. 0*5 

CaO 

3*25 

46—50 

MgO 

1*38 

- 

MnO 

- 

Max. 0*05 

$T% 

10*00 

1 ‘5-3*0 


FTTOl 2 

qro^fan aran 


arr aiqfr f an sp^r/qai^r to ariq^fnn a*a/qimei»i Tia to 

°C k F l/n k F lja 


25 

12*0200 X 10- 4 

0*2857 

0*0280543 

0*5000 

35 

7*8523 X 10- 4 

0*2078 

0*0251188 

0*4364 

45 

4*8417 X I0- 4 

0*13H 

0*0229086 

0*3962 
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SRcf |To yc OT? JT^o 

smxr 3 

<nftuita gr ywrn? 


srrd^RJ ^rt^srcrr 
tffrr/% o 


3TT^/qyt|iT5r 


3tT#f5FP : 


OTOOO 

-0-105 

0-125 

0'0500 

-0-172 

0-328 

0-0250 

— 0259 

0*921 

00167 

— 0-357 

0-962 

0-0125 

- 0-227 

1-666 

0-0100 

- 0‘238 

2-051 


I. TT^rfr^r, f 0 , Trans. 2nd Seminar on biological problems on water pollution, 
R, A. Taft Sanitary Engineering Centor, Teh. Rept. 1959, w60-3 255 
2- fo OT in^o. Centre Belge’etude Document. Eaux I960, 1 1.4- 

115, 201 

3. %o, Grasasy nceites, 1959, 10 , 30 

4. *94d<> ?«[o, Handbook of Biological Data, W. B. Saunders Co. Philadelphia, 

Pa. 1959 


5. trfcrcr, n*r° TT*r 0) Bull. U. S. Bar. Fish., 1937, 48 , No. 22, 365-437 
6- tr^o S. Bil. K. Svenska Vetenskapsakad. Hindi. 24, 1898 
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srfer 3 UTcfffcT SRPR TOT 
*TTOT STOW S+fi'RS 


IT5To (To mfefcl 

pfrer smrcita am Pftfmnsm, 

[ srra — *rf io, 1978 ] 

rnmt 

pV 

tFR-T^r ^mw % fer ferir ^Fffer K n (x) % | qsp 

5iw fen w 1 1 


Abstract 

pw 

On a convolution integral equation involving generalised Bateman function K n (x), 
ns its kernel. By L. A. Dixit, Department of Mathematics, Government College of 
Engineering & Technology, Raipur. 

An inversion integral for the integral equation, involving generalised Bateman 

pp 

function, K n (x), has been obtained. 


l. sremmn 

TRT mff P flfspiJTctr^ RRPT R>T 'd'Whl RRSt |% 5R>R % dPT+<?i 

sistrmr 3?%^ Rn^erfsff % fom 1 1 Eim msrtw ^ ?n%r gemr 

i 

-K n (x) tnfpRir % ^ # 1 1 sife % mm srrsft 161 

% TtfmT ^pr rjt smfpr rtr! f*r sr^ct mr 1 1 

AP 9 
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i^ct o ITo 


^ yi^Tf^T ts#?T 'T^PT 3T?T ■iH^I+'H «-h'I=p< i] 1 ^T SrfcrftK felT W f I «ft 

ftrftr »rf | ^ ft^: tfy 1 1 

/X’F 

^Hrea ? 7 skt Mfoufad ?rNffcr x m^ Kn (*) 

Kn (x) =- f 1 sin^0 cos’’ 9 cos [x tan 8—nd] dd (2.1) 

7TJ 0 

| «r^f n, P 5WT V 3R0T tjof I l 

qf 3TT TOIT I ft: 

/1»F V 

^ (x) gftr%r | 4ft«iw ten | ftr^r p=0 rmh <tt K n (*) sfsrl^r 

f2\ v Q,p v 

tf^{-) K « (x)^I K n (x) % ^q- t ftpiT ^TTclT | I 
f(t) % t^erra qftcnn 

f* e-pt f(t)dt=F(p), Re(p)> 0 

% srrr qftmfe ftm sficrr | afft: w $ 

m=F( P ) 

5KT 3ZRE ftpJTT 5TW t 

TTf^fr [(4), PP- 129, 130, 131, 215] % fwftrfeer qft'JTFT | : 


fV) = pn F(P) -F-Vi 0) -P n ~ 2 fK 0) -/ n-1 (0). (2.2). 

[ ..V f{t){dty=p-nF(p). (2.3) 

Jo Jo 

P/i(«)- f 2 (t -u)du = F x (p). F\(p). (2.4) 

J 0 

h<t)= f^p) w f 2 (t) = f 2 ( P ) . 


^- 1 ' a Mi, /t (^)=(2flF«'V((2f‘+l)). I 

TOft: (p)>— i- 
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^Ticii^ m §kt 5TP<r Kn (*) ^ (Wafr*. itW (2-6 ) sra ferr 

-srrar | 

k £'\ x ) = 2( - i)V”( 1 - J p) n -'- m - 1 (i +p)- (n4i+m+1) ( 2 - 6 > 

0(!(ld f^P 

(i) Re (p)>0, 

(ii) (n— l) SR I 

(iii) (n— 1— m— l)>0- 

3 . JFfer 

life 

(i) A, 1, m cPJT n SRHRJFP ^ TT ? t 

(ii) A— m— 21— 2>0, 

(iii) f i (0)=0, Wffe fc=0, 1,2, ... (A-m+1). 



(3.5) 
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t^io ito frfer 


^ [(2) p 65, (14.6)] ?r %% 5rr^r | 

CUt~u ) n - 1 ft fu fu 

Jo (n— 1 )! /C U )^ W= J 0 •••] o j Q ■■■ f(u)(du) . 

4MTfo> n^L 

^ (2*3) cT^TT (2-4) % tTWcTT^V o^T^T ^X f 

Jo (CTjT ti u ) du ^P~ ,lr P(p) 

(2.5) cf«TT (3.7) 


(3.6> 


f J/lm—W u '~ ' (2 au) du 

0 ^ ' A/ 2 -n+ 77 Z/ 2 ,X/ 2 -/-m/ 2 - 3/2 


STFcT ^TT | 1 


Ht — ufm-i 
~ wX/2-7-^/2- 

=p-*’»(2a)M*-l->m- K y ( (A— 7M— 2/— 2)) ( P~^ m - n+1 


(3.7) 


(3.8) 


ftcTT | I 


3RT t (2.4) (3-8) % *fTRr t ( 3 -5) % *r%r ( 3 . 2 ) srr^r 


it 


OTT 




4. (3-2) # ftrRfsrfer w Jr tft faw srr | 

* ( 4,> 

M (2aw) du T~ , 

X/ 2 -n+m 12 , X /2 -/-rn , 2 - 3 , 2 ] (7?+ a) X +™f(x)dx 

m=° 3 T^T <R *rel+<«l (3-1) cRTOTWp- (4.J) g^; Jf 

f* 2/ 

J o **» K^-OMO^=/(x) 


m-mo + ay 


f(x)dx 


(4.2) 

(4.3) 


n 


A - (~ lV- n+1 

1 2^2-/ fl A/2 f/y (( A _ 2 /_ 2 )) ’ 


^ ^^ [3] ^ 'Tfwfer *rc%<r #s#fi I , 

^ ^ 7 ^ <4 ' 3) #rSai ” % ' Tft,WT ^ ^ ^ ^ 


wx 
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f»cT51HT-5TT c R 

%rtpP Zlo ToT 3>T STPTRt | fspfft fff 5ng-<T^ ^T sprfk 3 W S159H foST I 

TW3T 

1. vn- ^ r, qYo tr^o, »rHo sfagqq 4^0 smTTo., 1964, 28, 163 

2. tr$To, Introduction to the Operational Calculus. North Holland Pub. Co. 
Amsterdam 1967, *TO 65 

3. TO, T^rf o %o, Kon. Acad. Wet. Proc. Ser. A, 1952, 55 (l) Indag. Math. 
14 (1), 63 

4. TTo ? Tables of Integral Transforms^ WT 1, ^414* 

5. sfteft, #To %o ; «|fagW ^itT I^chTo Wo (t41t*d) 

6. ^fr 3 The Math. Student, 1974, XL II, 1 83 

7. €to TTn°, f^[o ^WrTT Wo 1974, 66, 185-192 

8- fer, #0 ^[o, s?Jto Wo WHT, 1963, 70, 291 
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cmr sn-ff % m* % f^tr ^ ^ 

3T§ TO % 3 

3^0T J^TTC 

Tnran fern, «fto me sife 35061 
STfePR fe^feinR, 51^RW, 

[STO-^Tt 30 r 1930] 

SKfe 

gx[^ % if fefrfefe nfe srak w |^ 5 0.735 % 0.07 fen % nffec 

*Pt Jr L- ^tfe nnTL 4 ferfe sfer ^r *frfern - 3 -fenfmt%d‘ % ?m wi- 

^37 sfT^nr f%m nm ft 1 

Abstract 

Sodium B-glycerophosphate as a new titrant for the micr ode termination of 
L-glutamic and L- aspartic acids. By Arun Kumar Saxsena, Chemistry Department, 
P. O. Box 35061, University of Dar es Salaam, Dar es Salaam, Tanzania. 

L-glutamic and L-aspartic acids have been successfully estimated in microamounts, 
i.e. range of 0.735 mg to 0.067 mg with sodium ^-gycerophosphate using bromccresol 
purple as an indiator. 

nrfer if L-^4fe> nm sfef % sig^mt sn^nr n sfer sitew- 

ft =f% | [1] 1 nfen nte ^ nnFr nnr w %% nnft Mk 3RdT 

f fenr nmrn if w: % nrn r it sfer ^ft nrrrsfr % stprh 
ntfenr-J 3 - [23 sra fen m wm 1 1 m sti^rt if n 

qfer 0.0053% nnk fern nfer fen f 1 m ^nnf sfet ^ ft 

stjrtof % srf^rfen ^nrr | 1 in fnfsr im ^rffem sfef ^n ^nwn qfn ft 
fen m sntnrr f sr^rnnr in% fesnft fern nm fen snn snn sfri ^tr 
Jf ^ ^rfr 1 1 w% arSrfen w Ms % 

sfer % D-wf ^rr nr nr^nn fen ^tt n^nr f 1 
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srro prc h+ht 
spfl«uc*l+ 


strt (f. *pf), wppT'P stto, 0 ’rote tot 

sftTOWW qfir?T (?nft =fr° €to trg-o, I I+oIi4> TOT I ^(t'fTO> SPRT sflr sftf^nr-/?- 
frogrtmTOe f^rro sror M sft titto^ fro to i 

sWn: srnpr 3r?r (tor, fror% tow % tot 'ftsrr to fror) % 100 froft tf 0.0053 tor 

^Wt^fHTRT hIh^ TOT I 

TOTTOB SP^TT % TOT •H'Hip fTOTTO 3¥TO Jf TOOT-TOR f^T% ^TT% | 3fh: TOWT STOTTO 

O 

25 froff ° to: l%irr tott 1 1 ^ror ?t trt f? #Tifr#raT?r 'rfror # tot) - tot! 1 1 grcrdtu frorro 
grr *Hfcw -j 3 - fergKraf?te % ^fw ferro % tot h^iwr %rcI toi+i ifror frorr tott ^ i 
TOFfeR tot %■ p% ^tott (qfror) to +totot # Ttot toto 1 1 

q fw PT TOTOt 1 TOT 2 *f fTOTO | 3tK TO TOTOT ^ 0-735 fTOT° % 0-067 fTOT° % 

RfroK 5f arrafror fror tor 1 1 


TORT 1 

L -rgtfro; 3TRT TO gRTTTOR 


frorTO to stotto, fTOft° L-Tgifiw tor, frorro 


i^<tlH4> toto to 

srpf> 

STT^f 

^teTfccR. 


toft o.ooi M 

TO?te 0.001 M 


TOT 


5-02 

0.738 

0.735 

+ 0.003 

5-00 

5.00 

0.735 

0.735 

0.000 


5-02 

0.738 

0.735 

+ 0.003 


2.02 

0-297 

0.294 

+ 0-003 

2.00 

2.04 

0.300 ' 

0-294 

+ 0.006 


1.08 

0.290 

0.294 

— 0.004 


0-96 

0-141 

0-147 

—0.006 

1.00 

1.00 

0.147 

0.147 

0.000 


1.00 

0.147 

0.147 

0.000 

0.50 

0.50 

0.074 

0.074 

0.000 

0-52 

0.076 

0.074 

+ 0.002 


0-48 

0.071 

0-074 

— 0.003 



2 


L - tfe n fo Egrer 


fawn SlPIrPT, fimto 


qpTtfefT 3Tc?T, ftlllo 

sr^ 

srgrB 

sira 

t5rf?cra 

srfe 

*TTWT 000.M 

'RTPfe 0001 M 


TTPT 



5-04 

0.671 

0.666 

+0.005 

5.00 

5.00 

0.666 

0.666 

0.000 


5.00 

0.666 

0.666 

0-000 


2.00 

0.266 

0.266 

0.000 

2.00 

2*02 

0-263 

0.266 

-0.003 


2.00 

0.266 

0-266 

0.000 


1.00 

0-133 

0-133 

0.000 

1.00 

0.94 

0.125 

0.133 

-0.008 


1.00 

0.133 

0.133 

0.000 


0-48 

0-064 

6.067 

+ 0.003 

0.50 

0-50 

0.067 

0.067 

0-000 


0.50 

0.067 

0.C67 

0.000 


1. (i) ?!^TT,tTo %o, %fTTo TTXXo (tfot) 1971, 53, (12) 757- 

(ii) *n?s£t%fa° ^spfo (a[o Ti?ro tro), 1972, 17, (l), 75. 

(iii) 5T|t, iftre 3Ro %fao (|o TTo 3TKo), 1973, 15, 179. 

(vi) cffT, «Ro Ifto, 1976, 14 (A) No. 7, 544. 

(v) cTft, ? STftf, 1976 30, No. 4, 160- 

2. (i) fa?T, f° cPTT Ti^o tt^, 1952, 20, 26. 

(ii) tro tr^o, %iq' 3 3TRo TTq-o g«tT *nfef, 5^[o, ^fo 'filM 4>mW<4, 

1957 , 4 , 399 . 

(iii) afro?*, 'TTo, 4?t*r, tt^o 5T®TT f*T, to, Rec. Trow, Chem, I960, 79, 
610. 
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f ^ T 3 T g 5 fTt 3 

JTTpTT 


fWltqTH fa 5 * efTT 5RTR<TTS^ 
fft totttot ww, OTR ftuw, in^RR 

[ 5TTH — 1> 1979 ] 

*n<ra 

snsp STSTOR WTIHR *R^?r % 2,08,972 *RT ( 1976-77 % 1978-79) % 
f%s?rftra qf^rnit % sitor tc sctof fwg- q?r tr^ stork ^=er>"r 

WTT SRT ^ fsTTOT VVZ | f% q^T^R UpT 1FTOT STTOR rRR *61*4^' if KjpT 

| tott wr ^Rq^f if far$ft sh ferw w*s qrr q>i«bkg =rr Rfr tit i imfrare ^ttor if 
%r<q <fr faqro qlt sffeqR, faroqrr ssrsrtot tot tot, tott fa+ra qft sRTsffqr srr 

r^pr I 1 qR%RR 3PTTO % STTOTO50 Tjfd3!n ftRIST TOTOT qj^qTRS SrR % hpr TOT*T5TOT- 

qreqffRT % qro tot i wr toto q?t to 50 srfdiro srtu stbw trstu ~r arifsR sreror 
qjrrorw # qrt *r| i irt^rr sprr' % 88 fq+id ^Rf % aroqror % ara |pT 
fqr inif % 73.9 srfercf ftqrnr ^ ?f?r qTTroffKr *tr %, 25-o tRoto srto qn?#Rr *?r % 
TT?f i*i sr^TTOT fgqrrcr tor qirf^OTWT % totor an?) 1 1 ara: % ww 75 

StfOTcT faqro ^ost if 3T5^t TORT 5TTO 4R% |<J q^FTTOT ^T TOW ^RW 3TRTOR | I 

Abstract 

Phosphorus status of soils of Allahabad Divison. By S.G. Misra and S.P. Pathak,* 
Agricultural Chemistry Section, Department of Chemistry, University of Allahabad. 

The present compilation is based on 2,08,972 tests (1976-77 to 1978-79) on avai- 
lable phosphorus status of soils of Allahabad Division. The information in respect of 
the nutrient index values of a block taken as the unit of depicting the fertility class has 


Present address-Asstt. Director, Soil testing, Agra, U. P. 
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been based on the soil test data of several thousands of surface samples of individual 
blocks, only in a few cases the number of samples tested was somewhat less. 

The soils of Fatehpur and Etawah districts were found deficient in available P 
and no block was found in medium fertility category. In Allahabad too, all the blocks 
have been found deficient excepting two blocks where available P was found medium. 
Contrary to the above findings, about 50% of the blocks of Farrukhabad were found 
in medium category and remaining in medium-high in available P content. The soils 
of about 50% blocks of Kapnur were found medium in available P and the remaining 
were grouped in low or marginal medium fertility category. Considering the overall 
assessment of Allahabad Division, about 73*9% of the blocks are in low category, 
25*0 percent in medium fertility class and only 1*1% of the 88 blocks have indicated 
a high available phosphorus level. Thus there is need for phosphorus application for 
ensuring proper crop growth in nearly 75% of the blocks in the Division. Even 
where the feritlity class happens to be in the medium category, it does not reflect 
adequacy of this nutrient. 

firror ^ccn: sttot k k ft tot qxrsTO qr ^ccn: qfr fefror 

TOT3 ft % TOW XftX cT TOTcffTOT # | fkm fefed g3TT | % 56 if 

sr *ttoft 66 srfOTct to *r touts' w 25 srfirro toto! tot*t tnr 

%ror 9 srfovRr totot qft totstt rf f 1 q^Tft 5 totto toWIv 

Z%Xt> TORTO^fl* xrk %^T 3 rf <£$ TOTTO TO 'XVFZlXXt W TOT TO TOT I [1] 

• 

| gkr %• gggg fr fg^rf ggref g ggfgg ffe ggrrgg fg; 

gr*<£ky stvRT srftr srrgsgg 1 1 ^g% ?mr fY gg gggff *r gY srff gY ggrg gsgg ?gg gY 
f , gregYgg *gg ggw g^g ^ g<greg %g gr?gkg grggi srrergg 1 1 srpjer 
3rsggg 5f gg 1976-77 g 19/8-79 rrg 3?gg rrkr % s^ufre rg gngg gY ggte fgfssgf ?t 
sngr g?t gw g gggf % fk%fcr gfkrTgr gY fggrn gpjggrc fgfg?g gg^ctr gRjf *f ggg^ 
fggr ggr | sffc w srgrc fggrg gF^gn: gY ggggr ?gg mgr gg % ggqggrg ggggT sag gY 
ggrgT g srfgg sngg gg «rragiR+ | i 


5nTnTTc^ 

gu^g g Ttg ggqgf ?Y gaYg ggqg gr ffg gRg ffg gY 3grgY o-15 *Y<>gYo ggf §- 
ggr g^g tigg fgg gg i gpf gf «pr g g^rgg ^ fggr ggr ggr 2 fgogYo ogrg grgY 
^ggY ^ ^rgrgr ggT i ^gY |f firggY fg?ggg gr gf 1 g^gr gT fgg%gg gqgrsg 
argrg gtgg g?gr ^ gi^jYgg, giwgg tTg grifggg % gjg ^g g?gf eft ggTfgg gg^ 
ggrfkgrg, ggr fY° irgo trg gggtggr fg fggT ggr 1 grfgYgg gi fg 5 ?rgg <tfgg gi#r 
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% w if qrq^r qq s^qr (1950) q?t fqfq sm fen qro i qq-qro tottow to fefeq sfferq 
fqfq % qq qrorro qfcferq to qqtfeq itqfe qro wTOfe q?r w q TO fefter fqfq 
% fron qqr i tott qf-tr^o to qffer qt-qqo qqft sro i : 2-5 qqr-w fer if ferr 
qqr i 


TOTT qspf % fefeq % TOTO qPwn? % qfeq SWR TO TOTOJ qro gqqriq; 
(Nutrient Index) STO qTT% ^ijr^WK TOW qr TOTaff TO feltl TOWIT Mfe i=Wdl 
fef if tto qqf 21 1 ^Eff qror tot qqrm to qqfqw (w w^fe® 3 , Tfqrqfq qq qqfe 43 ) 
qfq totto fef-qfep, ?tp, qsqq, tow tw qq toto-to fen w 1 qfe? wr ^qqfe 
q?r totott qfe few ^ ir q?t fen if nra tot ttot % qfemff % arrarr to to qf 1 
%w few Tfef if ft qroff to fen afenfn tot Tgf 1 

qfeqitT rTKfT 

tot fed ? wr : 98 srfera % srfe to to tot to » qqo wto (6‘0 ir 8 5 nro) 
qntT nm qqrfq qqffq> srfeq nro fern qqrof if fror-fror 1 1 qnfrnq to fee qr^fr 
tottot if qp tot w 1 

HldOiiqfl to 5dT if id id qq tot^t totto % tort fqqw •’, J ="T if a^q. TO? 'SrrqTq 
totto if qw-wq ir toto qq qfep: wro if tow-toto toto qro 1 %qq wnn totto % 
srfew fqqw to tot nw wn qm 1 *ron | f% swtfww tow to ^qraff if <ffe 
fenr st|t nm t qmsq 1 1 

fes?r qfr fersff if qferoTTS’ tot 

totto qj* from qnqqK <qrefeqi frR : qm?r % q^fp, ^rtfrqrq, ism, q^'TO- 
giq, qq qiR^T qqqqf t fqfeq feqr fef % srfeq stfi qroi ^qr qqpf qq srfeRr q^ 
qtqq? ^ gpqfq; few ^nsqn: mvm 1 if sffer | ) wifraR tow ^T3fr if qqfew 

TOT fero TOqffe if TOlfe TOT | 1 

q&fJT : TO^f TOTTO # fSTq WW q «^p Ttf TOE I TO few TOn, fTOT qq 
srofe, qf ’groq a# ^p ?rot qft tt! to "wfqr tot fqqw tow to ^?rq ^p Tff i w 
ftroq tojto % tot qf toto to arfq ?fp % §3 ff srfroro fe qr «p tot to qro 1 wt 
few TOiqf to qro fqqfe rsi qq 2-60 % tot TfT qrfe 1 % qror 1 1 

fHT f Tgiq : TOtqq % TOfft ftrorr to ^roq, tow qq tototo to pro, fefe 

^qrq q^w toto ^t qrf qC TOferq q ? ^q nt qf 1 feq qq> few -a^s qfro, srfe t^r 
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HlgX : HXTX TOTR %t ^H?T3ff TO TOyitTO HT T^T ITOCHU TOTO? % 

itl TO TUT *T1T Iff 11TO TOX TOTTTO | 1 60 ifeRT P=l+ld TOlt %t *RTX 4iT«t>clcd ^-<*+h> 

% toux tx nrfr pp srit i srr^t | gnfr itto ytiti isn hx i xto to iron | (tort 

cTOT gRTOTT 2'38 1 srfSRT) I 2‘61 % 3'40 TOT gTOPRT TO gUl XTO! ^4<di HX X 
TOlt I I TOTT? % 3RT fXTOX TOST TO *[5T3ff TO HX XTOX | I 

TT*gX 1TOH TO TOF KTXH XXXTO TOX : TOgX XUSX % XX 1976-77 % 1978-79 TRT 
2,08,972 *T?T XXXT % f%T%fcr xfXTTXf (XTTXT 2) % flfTO | f% d'-s'n % 88 flTOX 
Ifffgt X % 73'9 XfTORT fdTOX TOS S3p 1XX, 25'0 3%5RT fXTOH TOW TOX TR %TOT l'l 
srfdsra PdTOX TOS TOdMXX % XTO XTXTO TOX $ TTX XX I TOT: fe[ | f% % ftl- 
=dVl|f; f^T?r TOST X TOM! % y-gfd'd XdTKd %X itl TOVfikd %TT ife S-uqs'-i'P t TOT Id! 
flTOX TOST TO TOX XB7X Xt | S§T Xt xfdd ^-e-dcTKd HdyniUX SMXT XldHHi f I 
X^X T X T T?3 dXStcT fx?^ 51 % XrTX 5!^9T % 39 ^fXRT TOTOT X X 27 ddT^i %t P^fcddl X 
qil^ug TO 1XX S^T, 12 TOTTST TO XSIX % XTtTOT XcTX TOIT 1 lit XTOXXTX TOTT sfXX m 
5TXT it TOSX R^TT % 75 MfdXX T[i 25 srfiRRT TOT5T: Tp TO+MikX 

5fcR % TTX *11 UpT H TO 11% fTTT fl5%fe TOl?ff %t #TI HT sft I gl TOf?M 
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afrflU nil? 1 1 
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% TOST 3TFRf qft 

3TTo cfto 3TW*T ?FTT 

WM, #§d=r- 

[sra — 5FFRT 11, 1980] 

ttfost 

Fe 2+ # %## cHTT #IT I #7 ## 1 M NajCOj-F 1 M NaHC0 3 *nwi t spjcsp- 
irnty ft# 1 1 #jra M ore i#f#s (S.C.E.) % t#r sfer a#sf# arwur-PriFr -0.48V 
CPJT -1.58V I I ## eft# # SWtTFe 2 + # ^TFScfT TV! C[nf=r: fawn ?Iff3F# I «fT#t?#P 
3TRT # ¥, sra Fe 2+ : *4l4WRi45 3TFT # 4JT 3jqqTcT 1 : 1 ffel |, # IvFSW 

3T?cn: 9#%ct ^r?# ft spry ct#T dcst>H ,J fnT cFTT Fe 2 - # turict I t TC ^Td: f#ni ft WT# I I 
Eiu # arfes dj.unc^ ' f#pr — 0 - 54V # #r f#*rrfe fr «rrar 1 1 ^C^ff % 

f#T cT#T 3fR5I dlf ^ I I I D cPTT D *# WIT # *Tf | #T d«id# ^TFT | : 

I D = 1.284, D=1.1186xlO-« cm 2 /sec. 

qi4#f# E ap^r # ft#r ct#r m ^rff sft# i 4f ?r#r mm tr#^ 

ft# f #7 f?R?T 'd4#'*i % f#^ rtfr Pftt «tt ti't'd! ^ i 

Abstract 

Polarography of ferrons ion in carbonate-bicarbonate medium. By O. P. 
Agrawal and Rajani, Department of Chemistry, Maharshi Dayanand University, 
Rohtak. 

Fe 2 -*- gives two cathodic waves, both irreversible, in 1 M NajCO s -F 1 M 
NaHCOg medium. The respective half-wave-potential, observed against S.C.E. are 
—0.48 V, and —1.58 V. The heights of both the waves do not fully depend on the 
concentration of Fe 2+ . However, in the presence of thiomalic acid, when the Fe 2 - 1 -, 
thiomalic acid concentration ratio is 1:1, the first wave becomes reversible showing 
two-electron change, and completely dependent on the concentration of Fe 2 -", the 
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Ei; a also shifts to more negative potential i.e. —0.54 V. The wave has been found 
ideal for analytical purposes. The I D and D have been calculated and the respec- 
tive values are:— 

I D = 1.284, D=1.1186x 10 -6 cm 2 /sec. 

The presence of thiomalic acid does not alfect the second wave. This wave 
seems to be an anomalous one and cannot be exploited for analytical work. 

<zi trr- a n ff Sr awaf % q'l^afeta arraearaa arstwa fear aaT | f 1_12 i i tnsfef 
*t ^eft an a Ta W?w arw afaafea; sr^r) aqfenfe wr apyTfwfr if 

1M Na 2 C0 3 -f 1M NaHC0 3 mwr if few | I 

srotmcwr 

arrna % w if , gaqf feat arw a?r ar?t am gas feea aratfena asfea an aatn 

wta fwr aar i nfaer nat qara tafefear wrt fe % afte feana farer at^pr aa if 
*fe ^ i fwfqrat area f%aate (d.m.e.) if agaa qrea qf% nnsfea; arw arer sfrftra 
r+^i anT afte fee at are arrafen fern aar i 

qt^etnfefe arfeqoff it atanfeTer fefacr feaaTfenr qt^efeFB srnta few aar i 
in ^ fT % w effH ^'teis snffe fern am i snpa fe^aral area ^raafe 

% arfaertna fe twa ^ : 

m= 1.837 mg. seer 1 , t=4.8 sec, h=40 cm,m 2 ' 3 t 1,6 =1.947 mg 2/3 sec~ 1/2 

!trt few w 30 j C qq fent afe i aat 3p%q<iff % atera artfea aT^dfea an marnea 
aw aar i . 

TfeWTO rTSTT faNw 

arrare ^4fl« % W if 1M Na 2 C0 3 + 1M NaHCOs jaa wffe WW if Fe 2+ an 
wwn fern aar 1 1 at sppanfetn %atat aea, 0.4 v wt faet — 1.4 v q~e ama 
ffer ft %# Weft I (fw la) 1 cTeWsft awea few (E 1/2 )— 0.48 V OT —1.58 V | t 
€fef ?rcn wTfew swa (Fe 2 *) w g^er: few aft awft f 1 wa ?rea ^faftw (w) 
ftat I waj feffe erea xr^ a|a wk eftafe £a % aia areqtsr (ill-defined) flat | 1 aftf 
al to Fe 21 - % qttxoafefe ataiew anwra % fefe ^rq^qa aff flal 1 1 qe^ aTal- 
tfer^ sna fewa firafe qe ferefe- Fe 2+ - a«n awr aTgqTer in ft afe, aw wa at 
I%asTa apcK wfea qreat ft a^warofe ft arfet 1 1 E iy2 , —0.54 V afet arfea? 
few ^t ailt. feeaiffer ^ oiidf ^ afte erea q?t eter % fearaa ^ aai e w Fe 2+ aitaaf % 
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TSH q?) sf^qfirJrfy -aqR^Rl ^ fefFr %^'r^l cHC’T % il/C qrr *IH 


Fe 24 - qr 

M .< 10 3 

(C) 

TSH # srgqfj^fg- 
t -T75 3ffe TT 
qftrrtar «rm (ii)(^A) 

il/C 

TSH q?r ^q^ifir^-r75 
^ qr tftrrra- ^rra (ii) 
Fe 2+ : TSH 1:1 (M) 

il/C 

TOO 

5-63 

5'63 

5*86 

5-86 

0-75 

4'53 

5’90 

4'485 

5-98 

0-50 

3-20 

6-40 

3*19 

6'38 

0*25 

T74 

6-96 

T705 

6-82 


^n ■*ft ?rTa | f% «TRntf%qr sn^r srfirqj srwp fe«Rf qr arT^r ^rr | tl3_16] i 
*rf cpc^i, {^rpt Jr Fe 2+ -cjqferfa sitt ^nr^nr yR: srsrqifwcr T^cft |, %qur 
mrr ?fr qrara- qR 1 1 Jr*r Jr Fe 2 + % f^FR Jf *TFTltfJpF sn^r % qqrfa 

^PT T*T 5R>£ |f STTcTT 1 1 

sr- q pP i ^fc rq; spq-r qR WT3ff Jr fjwraq wrar I Fe 2 + : TSH sfot s^ym 
i:l ?jq? Hfr qfwr | m^rfenR Jfsrfaqq; strr % % sr% sr*w % s fl^t crc*r ^t 

^Tf # *mw,4lRRPcll ST8 ftcft I l q^S^Tt Fe 2+ : TSH spyiR (1:2 spqqT 1:3) 
qft ^rf^rfir Jr OTTR^Tfa^cn ^r?ft |t 3 ^# sr) ^cft | fsRFft 1:1 spjqra if 1 wr artr 
(Fe 2+ : TSH 1:1) % fatr fenpii TPtr ft*rciq> ark fasrfkr ft% *nJr sqMkr % fon?r 
3 *qpp # 5 FRT m I; cfoERfERT *TFT | : 

I d = 1-284; D=lT186xlO-«cm 2 /sec 

t^ri fe q^Jr gcfFTT *T9T I, TSH w 3-qferfar Jr (Fe 2 + : TSH 1:1), sm cTR 
Fe*+ srpRf % Tr#Tnrreto ftufaq % far? sqqfar # stt qrq^fr 1 1 arkr % f%j) f%qrfe 
<sftrferr fJTRRar farat stt ^q^l 1 1 

Fe 2 ++2 e~ ^ Fe (Hg) 

**1 ?nR ^4)di | f% TSH qfy ^-qfjzrfar ^ Fe 2 + srnr^r fq«|qTdy tk? q?t 

Tt, 3P5r % stfi *PFfor S'ftefkr % ?:q Jf fqqrfkr ftcTT 1 1 qRTfilfiqqi sn^ qq faq r 
3iFRf % ?mq qfqrr =Hiai It 17 - 43 ! 1 TSH fJraq% qr kr qr srq^^far rrar E^ q>T ark srfer 
qfr sfk P<«mu-r w ferr q?t sffa; qf%?r qr ^- 1 1 q-^ gqn: |^r srcftcrftcrT | 
sr) ?nRar: qrrrafqqr ^4$1« srpqfqnrr ft% % p |) finfrfcrct sncrr 1 1 Fe 2 + srFFff 
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'WkllS S"RT 3TT?mf % 

$x% f>3R 3? m sFsrttT 

gtfte HUT fast 

irarafos tnffwiHT. farafirerRra, stbm 

[ srm — *Tf 5, 1979 ] 

affatfg sftfenr VHhip' f^f’EPT 'FFTTCIfg 3TPR ifatsflT 3tT «$Wdi % ftfavt *fat- 

sp3TT%iif 'Tf^rri *rf 1 1 <fana^ arm spT % afir wifagf if 'tftt ^rai | : p\ 
HF cr«rr hf- 2 i €ra % faR ffa sfafa FFgfa if 'fi-^ % stFtfefr fapfir 'hft if 

3TPFT 5TF1WT# 'TFfT W I 

Abstract 

Effect of hydrogen ion concentration on the estimation of fluoride ions by fluoride 
ion electrode. By Sudhindra Nath Misra, Chemical Laboratories, University of 
Jodhpur, Jodhpur. 

Different fluoride species have been detected in the acidified sodium fluoride 
solution by means of Fluoride ion electrode. Fluoride ion exists in at least three spec- 
ies F~, HF, HF" 2 . The response of fluoride ion electrode has been shown to be 
effective in a wide range of pH starting from strongly acidic to weakly alkaline 
media. 


jjrf <-r*ff cw arfafa fern if 'fakus sraTfefr gqfarfff fediSKM* xff 1 1 

d’2] % ^4cfdT %nfapT *Ft fa*rf ^ faff t fa HF, HF -2 

Mw i fe 'qf cptt H|HF| +3 %fr gfg# srgifert Pi^*ud wf 1 1 % wiM fnH *+u % 
flcft | : 


H++F- -> HF 
HF+F- -» HF~ t 


(1) 

( 2 ) 



384 


( 3 ) 

( 4 ) 


tjtofstotto few 
H++2HF H[HF]\ 

H++3HF -* H[HF ]+. , 

fa g ar ctstt gftfq '4reg [3] to sr^fr^r 4iwr if H[HF]+ 2 H[HF] + 3 sf^rrot sTTOrfrorof tot towr 
TO qferfe %• froror 1 1 g^ffro HF totot hf- 2 qrorforof % tost t amT totototo sjrb 
froror 1 1 

sra>ri5*w 

qrotgm arm tow if it | froroir to^toto qrotgTfg tot fegrofror fgtfqqro 

^totto! frorgar firor | art qroiroroT toWto sttt qraftfrofroar TOrtgTfro waft % fro^: qg attar 
fTOTOT gfTOT | I TOafr if NaF (0-1M) cTTO NaCl ((MM) foam TO* gfrt | I fTOTgar ^ 
qro feit fro froam to) aqro tottoctt | affa |ro% fart qg arwfgTO TO?TO-f%qgtro tot i toto to%to 
qrofni^ fromr % staff fegf tot: TOfem to aim front | art tofs fro?m if % qrotgTis arm 

fsTiTSTO TO 3TTg qg TOfe TOTOT | I fTO^ qaftgm armff TOt STcTOcTO TOW % fTOTOTO TOcTOTO ft TOTTOT | 
TO) qTOT-U^s TOTTOff TO SfTOTf TOT fecR TOW | t %TO TOt fTOWTOT 3Rl%TO fTOTOT TOW | I 

Ag AgCl, Cl- (O-IM): F-(0-lM)LaF a qrt^PTO troaiTOTO SCF 

TOTOT ^TOTOT e. m. f. TTOJ-dfTOMTO STTOTg % TOgg TOWTO TOT TOTTOTO TOW | 

E=e~^lnyF-* (5) 

TOf latarrotro tototo qartgrfg arm arfrow y F~* % srfro TO%wtftar | tot| to^t) (tarn) qro fergro 
%t ft i ^ro (roam fmif am totoktsto atm gfif | mif toTki^ arm arfrow totot gar 
Wl <i^« arm to Fa tot if Ri^froRgd to t totto tort tow | 

yF~*—yF ~ X F~ gar (6) 

TOff yF- qrotrifTO arm tot TOfrom grofro 1 1 fm i to tofw % froros froaftaftag tot an%ro 

| t TOTO^TOT TOTOtTORff TOT TOTTOTO fd'TOJd TO Fid I TOW TO fTTOT | | qaffgT^TO 3TRTTOT TOT fTOWFT 

qrarfjfrfqaftar TOtrogf to {totot w i sagar toItototto to f- arm i to^ sIto (Orion INC) totot 

TOTOTftro *%TO F- TOtHTO TOT WTfrg fTOTOT W I 5T^TO ^g if fqWPFff TOt TO^i STTTOfTOTO TOFSTTT 

2M kno 3 tottotot im qro fen: wt nf i 

TO f WTO cTTOT fe^TOI 

^"g totot tito 1 - 4 - 1 % qrotn^ro arm to Fid i qg fi^-sNd arm w % tototto tot frowg 
% arszm froror | afk wf wror | fro a^aTOror FTOPwrog H+ arm tofstot (qt ^ 4-5) qg tot 
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Wfcl'5* spfHT 

1 

•p- stm ?ptt f*r ^fr^R- arm t?FS 3 T % fem?r *trt tt 535 q?fb 

arnw stsctt cr«rr sr^sp friftsR- strpt % gfrsra <mkTSs stfw «Pt sft^ra 


F" Total 
(in Molarity) 

H 1- Total 
(in Molarity) 

F" free 

(in Molarity) 

— [ log jF"j free 

H 

o-ooio 

0-04467 

0-0000325 

4-4881 

0-02167 

0-0040 

0-1489 

0-0000374 

4*4270 

0-0266 

0-0040 

0-1158 

0-00004436 

4-3530 

0-0341 

o-ooio 

0-01778 

0-0000775 

4-1107 

0-0518 

0-0040 

0-0590 

0-0000861 

4-065 

0-0663 

o-ooio 

0-00794 

0*00010 

4-000 

0-113 

0*0040 

0-0288 

0-0001819 

3-740 

0-1325 

o-ooio 

0-00398 

0-000300 

3-5228 

0-176 

o-ooio 

0-001259 

0-000601 

3-2211 

0-317 

o-ooio 

0-0008912 

0-000700 

3-1549 

0-336 

o-ooio 

0-000512 

0-000805 

3-0942 

0-380 

0-060 

0-1530 

0-00087 

3-060 

0-386 

o-ooio 

0-000199 

0-000911 

3-0408 

0-446 

0-080 

0-1496 

0-001364 

2-8650 

0-5256 

o-oi 

0-0116 

0-002228 

2-652 

0-670 

0-0080 

0-0058 

0-00361 

2-442 

0-7569 

0-040 

0-0290 

0-0114 

1-943 

0-986 

0-02 

0-0058 

0-01419 

1-848 

1-0017 

o-ioo 

0-058 

0-0346 

1-460 

1-127 

0-298 

0-203 

0-04677 

1.330 

1-237 

0-535 

0-2360 

0-1445 

0-840 

1-525 

0-640 

0-2896 

0-1477 

0-8306 

1-699 

0-2990 

0-0546 

0-2062 

0-6857 

1-699 
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<^n< T ^ 3TFR % 5 rw y4'Fi , w+. sz % firfer qsrftifg sfpr smiRw! % 

fotfa ft*rttqr cr«rr jr^p fnft^r sttjrt % strr *pt sfcra w 


n 

F- 

log Ki 

K» 

log K 2 

k 2 

0*113 

O'OOOIO 

3*104 

1270-5 

0-675 

4-74 

O' 1325 

0*0001819 

2-922 

835-6 

0*8583 

7-217 

0'176 

0*000300 

2-850 

707-9 

0*9294 

8-51 

0'317 

0*000601 

2-883 

763-8 

0-8970 

7*89 

0-336 

0*000700 

2*8526 

71T6 

0-9278 

8*47 

0-380 

0-000805 

2-8744 

748*8 

0-9052 

8*04 

0*386 

0*000870 

2-8505 

708-6 

0*9294 

8-50 

0*446 

0 000911 

2-9387 

868-3 

0-841 

6-94 

0*5256 

0001364 

2-8958 

786-6 

0*8842 

7-66 

0-67 

0-002228 

2*933 

851 

0*8500 

7-08 

0-7569 

0*00361 

2-875 

749 

O’ 9052 

8-04 

0986 

0-0114 

3’08 

1202 

0’7024 

5*014 

10017 

0*01419 

2-94 

870 

0*840 

6*92 

1*237 

0-04677 

2-90 

794 

0*880 

7*59 

1-525 

0*1445 

2‘88 

758 

0*900 

7*95 

1-699 

0'2062 

2-71 

512 

1*0707 

11*77 


Log K 1= 2-905 

803*5 

0-8728 

7-46 
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qqt'CI^ 3TRFT % fasqqq ^ ^TffT5R STT^nT 5T5q> ffar | 1 3*nq 55 | fiF fTfftqR Bfiqq 
qqsdr 5515 qr 5 ?r wHi^ 3rm qfcrq % 5T5 qffirq itqrr HF stsft q>ref f i 

T <-r n:r^g fq^rqq % 3TRfR fi% qr qqftniq y^iFd^f % ■d+^q *f srfinrq ff% 

% qqre JTf qqqqq qqqj 55 T ft> qqHT^q 3555 qfsMdT qr fr^frqq srrcq ^tfsctt qq jiw 
qiqq % fiqq qqf q 5fqf%q qqtrr^ir 3555 ^qqfte qq qqqfir fipqr 5T5 i 

5Rufi i 5 g?r wr-CTss' stfr, q;q fr^ffaq arm, 555 t^rks arrqq 55T sRqqr 
3 TFH % qtq q^ftTr^? arrqq q?r aftdd' ti^r atfq>d i| i 


j<q qqtrr^q sqqq qq qfqqoiq qtfeqq qqnr^q qrrf fqqqq q?t qqqqr % sffa: qiq 
3PR5T qq qfwq SRqqr 5 fjRTTq qq qiffeq? arre % aqqqq *r fqRT 55T I gqq qquifq 
arrqq qq qfrwr qqtqrre (6) sttt f%qr qqr i srqrqr qq ^ fwi q*t q*^ arT5firq> qfqq 
qq 1M qq f*qq wi q^T fqq qq qfeq q r ftqrfqr qq qrq 0*5 1 1 


sisre % fqqft %q if friffqq anqq ^ 55 qqra?q arrqqf q?r aftqq wt % fqq qqq 

qq tl^xM n i%5T 55T ^ 


- [F~] Total — [F‘] Free 

n ~ [H<] Total 


( 7 ) 


qreqT l ir rr | fqr £ qq qrq %qq gqq qqkT^ 3qqqq?r qreqT qr aqfqq | ark 
5f ^r q^tkrfs anqq qnsnr 5T qre fT^fkq 3im qnqqr ir rqqq 1 1 log [F - ]fw % 
firs5 n qq anknq qrc% qq qt qqf qrqr 5sp (fqq 2 ) sre §t?rr | fqq^ 5t qsrrfeff qq q%q 
fq^rax 1 1 faq qqqr % gqq wmw anqq qr^sm % qrq d qq qrq qfer ftqr | qq% qqT 
=q^rar | f% ^555: [HF] 2 - qq arfetR | sft urgq qtqqqr *r sro qqq q^q q^r 1 1 n 
(log [F-| 555 ) 5sF % aq^qq |g fe%q qr fqfql 7 ’ 8 ! qqqq q?l qf l arq: n *5*555 3rrf%5 
feq qq qqqq ^ 

n— MJ-ll free + 2ff 2 [F] 2 free 

1 +ft[F-] free +j 8 2 [F - ] 2 free { *> 

qff 


Pi=K 1 

55T 


._ [HF] 
[H'] [F-] 


( 9 ) 




( 10 ) 


K- [HF ~^ 

2 [HF] [F-] 


(ID 


HF cT5T HF“ 2 % ?5Tfq?q Rq<i5>) qfRUH 5"W q?t Iqfql®! % fqRT 55T I n=0’5 
qqr n= 1 -5 qr [F-Jgqq qrq 35^5 ^ srrqr qr# KjK 2 % qftrqR *55 qit mq qqq % 
qq?R feqrw 1 Kj qq qftrq^ 5T5=851 55 T KjKj qqqR 6027 5T5 |5T I Kj 55T 
Kj 5 T 5 snqr qnc% % q*Fl+<«i ( 8 ) 3 r k x crt KjK 2 % mq n % st^f 551 5 ?b 
q^ftqq^q snqq % flpf srfqrqTfqq f %5 5% 
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'Wki^s arom fTtmro 


n-(2-n )K r K 2 [F-f free 

(L-/T)IF-] 

n — (x— n )JT 1 [F _ ] free 
(2 -n ) [Ff 


( 12 ) 

(13) 


TO% Kj 4>T 4TO fatfTOT I ’ffc KjK 2 3TcT I 3irr: K 2 3>T TTTO % f-i+WT TO STOclT | t 


TO fafsr ^ k x ctstt K 2 % >rfTOfTOr tot tocto 2t fa& jpr 1 1 cm k 2 % toto 
TOT 803*5 TOT 7*46 TOTO p* I n % 3TO TOT % fro Mpogfe TO | %?§ BTO TOTOT % HF 
faftcf fTOT |, fTO TT TOT TOTTO TOTdlS TT STT5FRTH TOTTO | i TO % TOT TOlTTOr? | I 

TO TOT TTCT <fr-q=? TO! 4-5 t TOtTTS^ TOTOT TlfTOTO ?T 3TOTOT TTfr TOT TTTO I tT^T 

to fro bto arroto farmr t tofTtttib totot #f§te tot ar^froro nz tott 1 1 to fronTO 

TORT ff^UH froSTO^ | sffc TO% TO fTOTT TOT jfe fftft | fTO TOTTTTO TTTO S NI ’f w 

HF cm hf- 2 ft femr^ t^bV 1 1 arfprror Tfrofro totttto smfg^f to) sqfeifa ^ff 

■fern i 


^cT5TcTT-5n c R 

qrrTOdT farorfrorTO, ster % ato afro tr^ 0 %€f tot fro | n^ i % toto 
srtcTiiTO foiT sfrc srg^r to-toto fe?T i to| $ o tt^o tott fro# srtfer tot stott) | fro% 
■cft?B 3TOTTO TTTOT * qt I 
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1 . ftftlH nffef qfepT if % ft npvgrn nn ^in nT ffefe nt 3 Rmn 5 ft # |f 

3 ftT n 3 IFT «Sfe nfe I afen % w Hfnfe q?t SfTfTT q?f nfe | fe W*t 5 R?rf %5 
%nf nr snr: nft ft nr fenft rrf nt tnrfeq? npvgm nfenr qn ftnr nrfftr i 

2- %^HH^%f73fiTffpft’TraT^^%IT^sfk|t5?W3I5Rf^ 

nfe nrffn nnr nfernf % nfe if qnfe nwrnn % fefe nfen fee *nrn ftnr nTfe* r 

3 - srcHt if ife »fe %nf % nprn nr nt qmfnn Jr nnnr 1 1 w ar^nre % fefe fer nrn 
afe ^fen 7 ® % ffmn % qTftnfeq? nnqr qtt ^nr ferr i 

4- %nf if HWKOW'HI f^Ftfe aiSRT % mn fm afarf qn SHTfR nt fenT nr n%nT, $% 
(K 4 FeCN) 8 w ajs iy 4 ^enrfe i tmfenf nr nrqft <r fern sfef qn nt nntn fr 
nqnrr 1 1 

5 . nrqn nfc fenf Jr nFRt fefr if fen nferrf % nm ffetn nrnr if nt nferr ^ tnr 
ngfen n ferr i 

6. afeqt %n % nw fffe if nfc afent if trqr nffer TOW (Summary-) sfr stfit nrffn i 
<sM it fen nnr nf nrfer ^rnr sqtn finr nTffn fe feferf nferferf (Abstracts) if 
?nir nfranr nt nr nqfe i 

7 . srensRTn fen qrrnr ^fen RTfr % fesn nt# qmn <r n# nfe nrffn i w <R afe 
afk 3Tsn: fenn ir fn% f fe nrffn 1 fenn arrqrR qrr fen «simr |, nn% 13# nmK % 
fen tnR ftqR nfe nrff n 1 fenf qrr qnnfnn it nt arrfen ir IfeR qrrmT nr smctT | 
<r 3W qrfeafeqr nnq> qtr tnr ^rr i nh?T< ^r nc fenr % ®nm feint % fm %% 
nt nr n^t i 

8. %nt ^ fenn (Reference) %n % 3tnr n fen nnpt i 

q^r anfefef % nw, nnn qn nfen nrn, fem qn, fer mn (Volume) afn; arnr n 
*fen i fen rrqnq; n— 

'ETtn, arRo stRo affe i^r, no, nriE fefeo %feo, 1928, 150, 80 1 

9. nfeqr feq % 50 jn§ sn (fefsnn) fenr ^n fen nrnn 1 b% nfeffen nfe ajfe trfenf 
feft ft, nt nmn f?n qn fen n^nt 1 

10. ife ' c npnnq», fenrn qfenf q^r-an qfenr, femn qffef, nffe nnmR nrn, 
fnTfrnm-2” m q% nr nfe 1 nrnfeq; # nR-fe rrm qrfer nn nqnfera fefe 
nr|it 1 
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